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A text to speech converter is a device that accepts a text
input and outputs the corresponding audible speech. In this
work, an algorithm has been developed for the Bangla text to
speech converter, which has been implemented using the PASCAL
programming language. The Bangla text to speech converter has
been developed using the method that stores speech sounds of
part of the words (i.e. of speech segments). To develop the
text to . speech converter, several basic socund units are
defined corresponding to each 1letter of the Bangla alphabet.
These sound units are recorded from the speech sounds of a
particular person using the Sound Galaxy Nx Pro 16 sound card.
The pronunciation (or letter to sound) rules for Bangla words
have been studied extensively as part of the current research.
These text to speech rules for Bangla speech are used to
identify specific words from the arbitrary text input. First,
the text to speech converter algorithm reads the ASCII values
from the input text file, identifies each letter of a word
from its ASCI] value, and then assigns sound units
corresponding to the speech segments comprising a word. When

identification of the sound units for a particular Bangla word
is completed, all the sound units are combined together into a
speech file +to form the complete speech signal for that Bangla
word. The file merging technique has been developed to
accomplish this task. The process of identifying the words and
forming their corresponding speech files is continued until =
sentence is completed. Finally, the files corresponding to the
words are sequentially played back to produce the audio sound
of the Bangla sentence. The play back facility of the sound
card has been used for this purpose. Some of the possible
applications of the ’Bangla text to speech converter’

algorithm are alsc explored.
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CHAPTER 1

INTRODUCTION

This chapter describes the definition of a textmto-Speech
converter, a brief literature survey 1in this field, the
objective of ‘the current research and the organization of

this dissertation.

1.1 Introduction

A text to speech converter or synthesizer is a device
that accepts a text input and outputs the corresponding
audible speech [1, 2, 18, 18, 20].

Ability of man to oomﬁﬁnicate through speech sets him
apart from other earthly species and is often regarded as
a sign of spirituality. As speech is the most natursl

‘form of communication between humans, speech is a subject
‘which has attracted much interest and attention over many

vears. The structure of speech, its production and
perception mechanisms have 1long occupied linguists,
psychologists and ph&siologists. Scientists and engineers
have endeavoured to- donstruct machines which can convert
and recognise human speech., 'Current speech synthesis
systems are capable of producing reasonably intelligible,
though not natural—soundiné, speech. The performance of
speech conversion system is improving slowly and steadily
with time, and speech systems are now being used in

certain commercial applications [z, 4, 5, 15, 21].



There are three main areas in speech technology. These .
are: )
,(i} speech conversion,
{(ii) speech recognition, and

(iii) speech coding.

The ultimate goal of the speech conversion is to develop
a machine which can accept as input a piece of text and
convert it to natural sounding speech, which would be as
intelligible and as natural sounding as if spoken by a
person. This text to. speech converter c¢an be used as
speech cutput ffom a computer, reading machine for the
blind and public message-system [8, 12]. The.text to
speech converter encodes a set of sounds from which a
speech sound corresponding to a word could be

constructed.

1.2 Brief literature survey and present state 6f art
of the project ' .

Research on text-to speech synthesis began in 1947 [1],
and a text to speech synthesizer was first developed for
the English Language in 1960 [1, 2, 4, 10]. Following
English, text-to-speech synthesizers of Telegu, and Hindi
Languages have also been developed in our sub-continent
[21]. However, Bangla text-to-speech converter has not
vet been developed anywhere. Although a group of
researchers of the applied physics department of the
University of 'Rajshahi are trying to find the formant
frequencies of Bangla phonemes {[B], they are decing this
in a conventional‘way. However, the conventional way of
doing this _requires the dsvelopment of complex software
and hardware to make a Bangla text-to-speech converter.
At the moment, they are confined to the analysis of
Bangla phonemes, and have not yet developed any Bangla
text-to-speech converter. The text-to-speech converter
algorithm and the corresponding software developed and

described in this dissertation is the first of its ‘kind.



This does not follow the traditional phoneme method, and
this has been implemented using a oommeroially available

sound card.

1.3 Objective of the research
The main objective of the current research is to develop
a éoftware- For Bangla “text to speech converter’

algorithm.

1.4 Organizatibn of the dissertation

This dissertation has been organized in the following
way. Chapter 2 describes the introductory information
about text—to—speech synthesis. Chapter 3 defines the
basic sound unifs for Bangla speech and describes the
recording andl storage procedure of the sound units.
Chapter 4 enumerates the rules of assigning sound units
from the textual representation of a Bangla text input
from the keybpdrd of a computer. Chapter 5 describes the
application of * the developed Bangla text-to-speech
converter. Chapter 6 concludes the results of the
research and comments on the topics of further research
in ‘this field. References and appendices are included at
the end of this dissertation.
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CHAPTER 2

TEXT TO SPEECH CONVERSION

>
This chapter describes the introductory informatioﬁ about
text to speech conversion, methods used for text. to
speech conversion, and the method +that can be used to

develop a Bangla "text-to-speech converter’.

2.1 Introduction .
Language conveys meaning by stringing together discrete
symbolic units at several concurrent levels. Sequences of

sounds form words, and when words are assembled together

they form sentences. The combination of these units is
governed at each level by a set of principles. The
science of 1linguistic provides rigorous methods for
identifying thesé principles and represents them in =a
formal manner. The multi-level linguistic message
supports a number of possible strategies for their
storage and retrieval regardless of which voice output
technology is employed in a particular system. There are
several options to analyze a message, these are [1, 15]:

(1) Analyze the message in its entirety and
reference it as a single block of data,

(ii) The message could also be broken apart into two
or more phrases, '

(i1ii) It can also be broken into individual wofds
which would then be called up one after another to speak
the full sentence, and - ' '

(iv) The most radial alternative would be to encode
a set of sounds from which words or parts of words may be

patched together as needed.
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The last option to a vocabulary of sufficient size would
eventually vyield a cbmplete inventory control from which
any word could be constructed. Such an inventory when
combined with algorithms for selecting sounds and
stringing them together on the basis of ordinary
spelling, will result in a system capable of donverting
words or phrasss from arbitrary text input. This will be.

known as a "text-to-speech converter .

The speech which can be produced by.analysing‘ the real
speech 1is refered to as synthetic  speech. For the
generation  of synthetic ~ speech a set of control
parameters and a model are required to produce a
particular utterance. Text to sbeeoh synthésizer is a
device which takes text as an input‘ and generate the
synthetic speech by controlling the parameters and a
model. If the model and parameters are sufficiently
aécurate then the producfion of intelligible synthetic
speech would be possible. The basic goal in'text to
speech synthesis is to convert unrestricted text input
into natural sounding speech [2, 4, 18].

2.2 Phoneme analysis For text—tdnspeech synthesis

Phoneme analysis of a particular language is important
for synthetic voice generation. Phoneme may be viewed as
a sequence of segmental units at a linguistic level [2,
11, 12). These phonemes are abstract 1linguistic units and
may not be direotly observed in the speech signal.
Phonetics 1s concerned with sound of human speech,
Phonétic analysis means to derive the phonetic structure
of an utterance directly from the speech signal. The
seqﬁence of phonemes corresponds to a sequence of -
articulatory gestures, which have certain well defined
acoustic equivalent. However, the acoustic phonetic
mapping is exceedingly complex. The most popular way to
perform a phonetic analysis is to 'attempt to segment the -
speéch signalsrinto phonemic 1like units; and to assign an:



appropriate label to each unit. Phonetics ~is the study
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Phoneme synthesis is the way of obtaining synthesizer
control parametefs to generate them. from a phonetic
transcription of the utterance. In other words, the
utterance to be synthesised, represented by a string of
phonemes, is input to a computer progfam, which outputs
the sequence of synthesiser control parameters. The
computer program @ is Eenerally based on rules for
converting phonetic information to acoustic information.
For this reason the synthesis process is often referred

to as “speech synthesis by rule-.

Speech, viewed as a sequence of smeared articulatory
gestures, still does not give the complete picture.
Superimposed on the ~basic seguence of gestures are
variations in intonation or pitch (the fundamental
frequency of wvariation of the wvocal cords), rhythm or
timing and intensity or loudness. These variations in an
utterance are collectively known as prosody. A speech
synthesis system must also have some method of aSsigning

prosodic information (intonation and stress).

Conversion of arbitrary text input to voice output
actually involves two separate tasks. The first consists
of accepting a segquence of characters, identifying the
-Phonetic components of the feéuired . message and
extracting information about: its syntactic structure. The
output of this stage, will then be.an intermediate string
of symbols represehting sound units"and boundaries
between words, phrases and sentences. The second part of
the process.is to match -the symbols wup with items stored
in the phonetic inventory,. link them together and send
the resulting coded wavefor@ to a voice output device [1,
14, 16, 177. | |

lli



Text-to-speech synthesis requires two major tasks  to be
performed in addition to that required by phoneme
synthesis. Théée are: (i) to translate the text into
phonetics, and then (ii) the prosody of the speech must
be determined directly from the textual "representation.
The first task, that is, text ‘interpretation can be done
by choosing appropriate phonetic symbols.

By using the phonetic symbol natural sound c¢an be
produced. However, convention for phonetic symbol has
failed to keep pace with the rate of phonetic change,

Z.3 The other traditional methods used for text to speech
conversion '
Text to speech synthesis-of a language may adopt several
mefhods to segment storage strategies. They are:
(i) sentence storage,
(ii) word and phrase storage, and

(iii) storing parts of words.

In the sentence storage systém the voice of a 1live
speaker 1is recorded with the desired inflection and
personality, and then processed to derive a matrix of
parameters from which the original wutterance may be
reconstructed. This éystem is not flexible because it
requires to store repeated words Oor phrases.

In words or phrase storage system, it stores the similar
words or phrases just for bne time which reduces the
number of words to be stored to a greater extent. Besides
these advantages the word and phrase storage system has
contextual variatidn problem, variation in intonation and
duration which provide important clues about syntactic
structure. Also slapping together words and phrases from
different sentences recorded at different times' can also
result in choppy “sing song’ effeét since the pitch'(the

fundamental frequency of variation on the vocal cords)
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and duration ( existing  time > . of words will not

necessarily match.

Contextual variation problem can be solved by storing
parts of words, but in this system if correct wvariant of
2 prefix or suffix has been selected there remains the
problem of matching its intonation {(the rise and fall of
the pitch of the voice in speaking, which is an element
of meaning 1in language) to that of the words to which it

iz attached.

The ultimate way of doing text-to-speech conversion would
be to store every word in the 1language together with its
phonetic equivalent and pronunciation could then be
effected using '3 simple dictionary look-up table. The

vast number of words in the 1language prohibit this

"approach because of the enormous size of the resulting

dictionary.

Practical systems tend to use pronunciation rules or
letter to sound rules, which specify the phonetic
equivalent of single letters ~or group of letters taking
into account the context. This process is often assisted
by the use of small “exceptions’ dictionary that stores
those words and proﬁunciations ‘which are constantly
recurring and ‘on which the letter to sound rules would
fail. Thus, an input is first checked against the entries
in the ’‘exceptions’ dictionary and if . it is not found

then the letter to sound rules are applied.

Inr English language a very comprehensive "system for
English pronunciation has been developed by Allen [2, 4]
which consists of morpho dictionary, supplemented by

letter-to-sound rules. A morpho is either a prefix, a
root or suffix. Estimates of the number of morpho varies
between 10000 to 30000. The number of morpho used by
Allen is 10000. The morpho dictionary contains for each

8 .



morpho 1ts pronunciation, spelling, parts of speech etc.
When a word is inpﬁt to the'system-a check is made to see
if it exists in the dictionary. If not, it is input to an
affix stripping algorithm which attempts to decompose the
words into a prefix, a root and a suffix. If an affix can
be stripped away, the reduced word is checked against the
morpho dictionary. If it still cannot be found in the
dictionary, it is presented again to the affix-stripping
algorithm. This process is repeated wuntil the reduced
word can be feund in the morphe dictionary or until the
affix stripping algorithm fails. If the morfic
decomposition fails, the letter to sound rules are

invoked in order to obtain the pronunciation.

2.4 A method of developing Bangla text-to—speech
converter

A Bangla text to speech synthesizer c¢an be developed by
using the phoneme method. However, to develop a text-to-
speech converter wusing this method regquires phonemne
synthesis, translation of the text into phonetic symbols,
and determination of the prosody from the text. This is a
very complex task. It has already been described in
section 2.2 that text interpretation can be done by
choosing phonetic symbols. However, convention for
phonetic symbols _ has Ffailed to keep pace with the rate of
phonetic change. Therefore, we have discarded this method
to develop our text-to-speech converter. A text-to-speech
converter can also be developed by using any of the
methods already described in section- 2.3. However, the
third method, which steres speech sounds of part of the
words (i.e. of syllables), is more appropriate for the
development of a Bangla text to speech converter. This
method 1is more appropriate because there is a fixed

pronunciation rule for a specific arrangement of Bangla

letters in a word. On the contrary, there is no such
definite rule for the English language. The particular
arrangement of English letters has a different



pronuncilation rule according toc -the position of _the
letter in the word, and therefore, are pronounced’
differently according to the use of words. A particdlar
arrangement of Bangla letters obey the same pronunciation

rule despite its position in the word.

This method élso requires to store a small number .of
sound units éompared to word and phrase, or sentence
storage system. To develop a Bangla text to speech
converter, several basic sound units are defined
corresponding to each letter of the Bangla alphabet.
These are termed as basic sound units for Bangla speech.
The proper combination of the sound units will form a
Bangla word. The bésic sound units have to be recorded
for a specific male or female speaker. In this method;
the sound ﬁnit will be detected -from the text input and
will be Jjoined togethér  as per requirement to form a
complete word. The identifioation process and formation
of words are repeated . until the sentence is completed.
Once the sentence is completed, the whole sentence will
be played back in the order of ‘the words in the sentence.
A block diagram of the proposed text-to-speech converter.

is shown in figure 2.1.

It was indicated in section 2.2 that. although speech may
be viewed simply as a sequence of segmental units
(phonemes) at a linguistic 1level, the manifestation of
these units at the acoustic level is much more complex.
The‘ mechanism of co—articulation, which results in sounds
being smeared together, is one of the majof influences on
speech naturalness. Co-articulation results in complex
movements of the formant frequency and amplitude values
between one sound and the next. There are also many
acoustic variations of each phoneme, depending on. its.
context (place) in an utterance [2, 15]7.

To avoid such complexity, we have used the third method,

10
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the - method of basic sound units instead of the phoneme

Stored sound Text - to - spoech Aﬁ:ﬁ&a
units conrverter algotithm 1
Text input
from -
keyboard

Figwe 2.1: Block diagram of the proposed text-to-speech converter.

method. lOur method has less problem 'of contextual
variation (the problem of ‘sing song’~ effect described in
section 2.3) as our system stores parts of words i.e.
speech segments. However, in this system, there remains
the problem of matching its intonation (the rise and fall
of the pitch of the wvoice in speaking, which is an
element of meaning in language) to that of the words to
which it is attached.

2.9 Heceésity of using a sound card
In addition to developing the necessary software, a text-

to-speech converter requires the recording and storage

facility of the sound units to be used, and also the

playback facility to play the sound ‘units back
sequentially. Except the Apple Macintpsh Computer, the
IBM PC or its‘compatibles do not have the built-in
recording facility to record audio signals. Moreover, thé
speaker pfovided in a PC is ﬁot configured to play
arbitrary audio signal baoku It can only produce beeps of
a single frequency at a time ffom'the on-board clock of
the' PC. However, commerdially available sound cards may
be inserted in an empty slot of the mother board of a PC,

11



and can be used for the recording and playback of the
audic signals. As a text-to-speech converter is mostly
PC-based, a sound card 1is needed to record the sound 
units, store them in the hard disk surface of the PC, and

play them back later.

To develop a Bangla téxt to speech synthesizer, a sound
&ard is needed to record the basic sound units for a
specific male, or a female, or a child speaker (with
desired inflection and personality). This 1is also
required to play the sound units back one after another
. when the specific sound units are detected by the text-
Lto-speech converter algorithm in a full sentence of the
Bangla text. '

In the next chapter we will define the various  Bangla

Sound units that will be used to form Bangla words, and

their recording and storage procedure using a sound card.

12
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CHAPTER 3
BASIC SOUND UNITS

FOR BANGLA SPEECH AND
THEIR STORAGE PROCEDURE

In this chapter a description is given on the basic sound

units for Bangla speech and their recording and storage

procedure using a sound card.

3.1 Assignment of sound units

Like in English alphabet, there are two types of letters
in Bangla alphabet. These are: (1) Vowels and (2)
Consonants. There are 11 vowels and 39 consonants in
Bangla alphabet.

Bangla has a very rich vocabulary. The pronunciation of
each letter of Bangla alphabet (vowels and consonants) as
one reads them produces uﬁique sounds. However,‘ as we
shall see while we proceed further in our discussion; the
sounds produced by the utterances of 11 vowels and 39
consonants are not sufficient to proﬁounce all the Bangla

words.

In Bangla language, vowels may sometime occur as a first

letter of a word. The vowels g (pronounced as "A°) and}?

(pronounced as ‘0Oi’) are sometimes used singly as a
Bangla word. There are instances when two or more

consonants may form a Bangla word (examples g, 344 etc.).

However, in most of the cases, vowels and consonants

combine together to form a Bangla word.

13
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A vowel may sometimes occur as a first letter, and it may
also appear at the middle or at the end of a word.
However, vowels usually appear before and/or after
consonants to form a complete word. Here they are used as
auxiliary letters and have different-symbols ( f ('A’-
kar), § ( Aa’-kar) etc. ) than the usual symbols of the
vowels. We may call these symbols “vowel auxiliaries’. A
list of Bangla vowels,'consonants; vowel auxiliaries, and
other necessary symbols used to form a Bangla word is

given in Appendix A.

Like a vowel, a consonant may take its position at the
beginning, at the middle or at the end of a Bangla word.
There are some pecdliar consonants which never appear as
first letters of words. They are\y (Uma), @ (Yian), |

(Anuswar), .« (Chandrabindu) and e (Bisarga). The

first two of them sometimes combine with the vowel

auxiliaries.

Occaéionally,.a cbnsonant appearing in a wérd may not use
any vowel auxiliary. However, in most of the cases a
consonant has a vowel auxiliary before aﬁd/or_after it.
The pfonunciation of the combination of a consonant and
vowel auxiliary depends on the particular consonant and
the particular Qowel auxiliary being used. If we take the
Bangla word (@ as an example, where the vowel auxiliary .
'('A'—kar) is placed before & (Ka).. This combination Iis
pronounced as the English word 'K’. However, when = is
followed by an Y ( Aa’'-kar), the pronunciation becomes as
"Kaa’. Similarly, an ﬁ:\('E'~kar) followed by = (hka) will
produce the sound like f® 'Kii® etc. Therefore, the sounds
corresponding to the uttefances of only 11 vowels and 39
consonants alone 1is not - capable - of bronouncing the
variety of Bangla words. -

There is another instance of varied pronunciation, when a

vowel or a consonant appears at the middle or end of a

14



word without any vowel auxiliary. VIts pronunciation
depends on the ending sound of the  utterance of the
letter immediately preceding it. The following example

will clear the above statement.

Let us take the Bangla word =T® (Kaak) as an example.
Here the first sound unit is =%( Kaa’) ~and the'second
gound unit, if pronounced in isolation, is<¥( Kau'). If
these two sound'units are now oombined'together, the word
will be pronounced as "Kaakau’'. However, as we know, the
actual pronunciation of this word is "kaak’, that is, the
utterances @ ('Kaa') + WM™ ("dak’) actually produce the
sound. If we 1look at the combination CTF ( "Kek’),
here as well, "the utterances 3 (‘Kay') + %= ('ék’)
actually produce the sound. Therefore, if a particular
consonant (without any vowel auxiliary with it) appeafs at
the middle or end df a word, its pronunciation depends on
the ending sound of the utterance of the letter preceding
it. The pronunciation may take roughly one of 5 forms
depending on the ending sound corresponding to an"Aa'-
kar(¥), "A'-kar(C ), 'O -kar((¥), 'E'-kar@ y, or ‘U’-kar
). The corresponding sounds of the consonant = (Ka)
appearing at the end are: &R ( dak’ ), S (' &k’), @
(‘auk’), X ('ik’), ¥ ('dok’) etc.. A dot on the
letters <, <, < X and ¥  peans that they will be
pronounced much shorter than they are pronounced
normally. Therefore, to identify the ending sound of the
previous utterance, a4 provision of an ‘end code’ is

required to be incorporated in the “text-to-speech’

‘converter algorithm. If the ending sound of the previous

utterance " is like "Au’ (<F ), ec=0. .If the ending sounds

of the previous utterances are like "A° (g), “Aa"(y),
‘Au” (), E° (£7or9 ), 'and ‘U’ (e or & ), then the
corresponding end codes are ec=l, 2, 3, 4, and 5

respectively. With the help of these end codes the

correct sound of a word can be produced.

15



In Bangla'there are some Jjoined-letters as well. When a
consonant combines with another consonant or a vowel, in
Bangla, this combined 1letter is known as a Jolned-letter
or Jukta-Aukkhar. These letters are also used widely 1in
forming Bangla words, and they create more complexity in
pProncuncing a Bangla word. Depending on the position of a
Joined-letter in a word, the pronunciation of the Jjoined-
letter_differs. Fo; example, let us take two Bangla words
Y ("stabdha’) and I3 (‘austa’). Here, we ean see
that to pronounce ¥y, we require 'sta’ as the first sound
unit corresponding to the joined-letter X , and in =X
("au’+ ‘dsta’), we require &m ‘asta’ as the second sound
unit corresponding to the same joined—letter':g
Therefore, if a joined-letter appeérs at the beginning of
a word an additidnél sound unit is required to pronounce
the joined-letter Vfor the consonant which forms the first
sound unit of the joined-letter.

To develop a Bangla téxt—to—speech converter, first, we
have considered the utterance of each vowel and consonant
(excepting a few peculiar consonants mentioned earlier in

this section) as a separate sound unit.

Since the sounds produced by the wutterances of 11 vowels
and 38 consonants are not suffidient to pronounce the
words of the Bangla language, - we have also cbnsidered
several possible sound units for each consonant,
corresponding to the auxiliary letters thdt can be used
along with the consonant.

We have also considered six additional sound units for
each consonant when appearing at the middle or end of a
word, without any vowel auxiliaryi The corresponding
sound units are assigned only after a preceding end code
i1s checked against the consonant.

There is also another instance, where, - ( "chandra

16



bindu’) is wused with a vowel or a consonant '( with or
without a vowel auxiliary), the sound corresponding to
the combination becomes a nasal sound. Tou incorporate
-this in the algorithm, we have also QSSigned sound units
corresponding to some valid nasal sounds for some vowels

and consonants (with or without using a vowel auxiliary).

Taking all these factors into- account, we have chosen
approximately 1500 basic sound unifs for the Bangla text-
to-speech converter, to produce speech from arbitrary
text input from the keyboard of a PCJ These sound units
may be termed "basic sound units for Bangla speech’. A
list of these sound units are included in Appendix B. ;A'
particular combination of these sound units will form the
pronunciatioh of a Bangla word. All the words of Bangla

language can be generated from these sound units.

Therg are some other symbols in Bangla, which are »~
(‘ref’), < (“hasanta’), 3 (“ja-fala’), ¢ (‘Ri-fala’),(%
('Ou’~kar) etec. However, the - sound wunits that are
described earlier can be used to form the correct
pronunciation of the words using these symbols. The
proposed Bangla text-to-speech converter algorithm will
take care of all possible combination of sound units
corresponding to the special symbols mentioned above, ‘

3.2 Recording of the basic soundrunifs by using a sound:
card . '

The sound units described in section 3.1 has to be

recorded for a particular person, and stored in a

particular directory of the hard disk of a PC, assigning

specific filenames to each of the sound units. A list

showing the names of the sound runits; and the

corresponding file names is included in Appendix B.

Suppose that the basic sound units of Bangla speech are
stored in a particular directory of the hard disk of a

17



PC. The néxt idea is that, if a text 1is input from the
keyboard of a PC, the Bangla. text-to-speech converter
algorithm (which will be described in chapter 4), will
identify which sound units are to be combined together to
form the sound corresponding to a word. These sound files
will then be merged together to form a play file with a
specific name to it. When a sentence will be transformed
into such play files they will be played ~ back
sequentially and the speaker connected with the ~sound

card will produce the corresponding sounds.

A sound card 1is necessary to record the sound units, and
play the reconstructed sound files back for listening.
There are a variety of sound cards commercially available
in the ﬁarket. Some of these are:

(1) Sound Blaster Card

(2) Laser Wave supra 16 Sound Card .

(3) Sound Galaxy NX PRO Sound Card (available in both

B8-bits and 16-bits).

Of the above three, we have chosen the Sound Galaxy NXPRO
16 sound card. This is a 16-bit sound card and is the
most popular one to the users., The recording of the sound
units 'should be done for a particular male or a femalé
speaker with desired inflection and personality. To do.
that we have chosen a particular male speaker who has a
guality wvoice to pronounce the Bangla words. We shall nbw.
briefly describe the  recording and editing procedure of
the basic sound units of .Bangla speech.. ’

For recording the basic sound units for the Bangla text-
to-speech converter, we have selected specific sentences.
Thén the selected person was asked to pronounce the words
of the sentence before the microphone of the sound card.
The speech sounds of the sentence were ~simultaneocusly
recorded. The recording was performed using the recording
and'editing facility of the Sound Gélaxy Software in the

18



wihdows enﬁironment {22)]. From a . particular word thus’
recorded, the different speech segments have been

separated, and specific file names were assigned toc store

them in the hard disk of a PC. For example, to record the

sound units 7 ( Kaa') and \51q>(’§ak’), we have first

recorded the Bangla word =T ( 'Kaak" ) and then.
separated it to obtain the sound units =pr ( ‘Kaa’) and\ﬁﬂﬁ
("Aak’) . Similarly, from the Bangla word <323

( "Aubangkar”), we may record five sound units g ( Au’),T

("Hau'), Qe "Aung’), F ('Kaa'), and \A[@R ( "Aar’). Using a

similar procedure all the required sound units have been

recorded. The sound units were not recorded from the

speech segments uttered in 1isolation, because those will

not produce natural sound when mergéd together to form a

Bangla word.
In the next chapter we shall 7 describe how the

pronunciation information of the Bangla words are derived

from its textual representation.
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7

FORMATION OF BANGLA

SPEECH 'FROM THE
TEXT INPUT

In the previous chapter épecific file names have been
assigned to all the possible sound units required to
produce Bangla speech, and the recording and storage
procedure of those sound units have been described for a
specific male ( or female) speaker. In. this chapter we
are géing to describe the formation of Bangla speech from

its textual representation.

4.1 Introduction

It has.already been described in sections 2.3 and 2;4
thaf a text-to- speech converter requires the texts to be
input to it, then the conversion algorithm will operate,

"and finally produce asudible speech sounds. corresponding’

) —
to the text input (refer to figure 2.1). Thus, conversion

of arbitrary text input to voice output actually involves
three separsate tasks:

(i) The first one consists of accepting a seqguence of
characters. . '

(ii) The second task is to detect .the characters and
identify the sound units required to form the méssage,
and '

(iii) Finally, merge the sound units together to form =a
message file {play file) and play these files
sequentially to a listening device (s speaker) to produce

the audible speech sound.
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The first step of text-to-speech conversion is to select
a Bangla word processor to enter the Bangla texts, which
are to be converted to audible speech sounds. Many Bangla
-word processors like Bijoy, Bashundhara, Shahid Lipi
etc., have been developed and are'being used to enter
Bangla texts from the Keyboard of a PC.

To incorporate the text—to;speech converter in a Bangla
word processor, it is required to know the formet of
source file for a "particular Bangla word processor.
However, the copyright owners of ‘the Bangla word
processors mentioned above would nof let their secret out
to somebody else. Therefore, we had to select a
particular Bangla word processor that is currently being
developed in the Department of Electrical and Electronic
Engiheering,lB.U.E.T.z to be named as ‘Amar Bangla’.

We know that in a word processor, when a key is pressed,
a particular letter 1is displayed on the monitor of a PC.
However, when it is stored as a text file, the
corresponding ASCII (American Standard Code for
Information Interchange) codes are actually stored in the
file.

To initiate the process of text-to-speech cénversion, it
is required to know the ASCII value for each Bangla
character, vowel auxiliary and symbol. The Keyboard
layout and the ASCII value used for each Bangla letter,
vowel auxiliary and symbol for the particular Bangla word

processor to be used are given in Appendix C.

As the proposed Bangla word Processor “Amar Bangla’ has
not been completely developed yet, we shall assume that
_ASCII codes corresponding to =z particular text input are
already stored in a text file. Considering this text File
as the input to the text-to-speech converter,
eorrésponding audible speech sounds will be broduced.

21



4.2 Syntactic structure of Bangla language "and the Bangla
'text—to—speeéh converter®™ Algorithm
The first step of the text-to-speech converter algorithm
.1s to read the ASCII wvalues from the text file and
identify each letter of a word from its ASCII value, and
then assign particular sound units corresponding to the
speech segments comprising a word. When identification of
the sound units for a particular Bangla word is
completed, all the sound units have to be combined
together into a - sPeeéh file to form the complete speech
signal for that Bangla word. This process of identifying
the words and forming their corresponding speech files is
continued wuntil a sentence is completed. Finally, the
speech files corresponding to the words are sequentially
played back to produce the audio -sound of the ‘Bangla

sentence.

The process - of identifying the sound units from Bangla
text input is a complex task, because in Bangla each
consonant can combine with any one of the vowel
auxiliaries 2( '0i’-kar), ¥ ('Aa’-kar), £( A'-kar), = ('U'-
kar), ﬁ:3 ('E'-kar} and other symbols < ('Ri"-fala),
('Ref’),«g("Ra"~-fala), J (’Jaf-fala) etc.. A consonant - can
also combine with any consonant, and in some cases a
consonant may be used as a single character. On the other
hand, vowels are usually used as a single charécter in
forming a Bangla word. Due consideration has been given
to all these cases to develop the proposed algorithm for
a Bangla text-to-speech converter. '

Now, the process of translating the Bangla text into its
speech equivalent is described with the help of the flow
diagram shown in figure 4.1. The algorithm has been
implemented in PASCAL programming language. As the size
of the program is very lafge, the algorithm'cannot be

implemented wusing a single progranm. Therefore, it has
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Fig 4.1: Flow diagram of the main algorithm
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" Fig 4.1: Flow diagram of the main algorithm (continued)
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Fig 4.1: Flow di
ow dmgram of the main (algssitim; (continued)
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been subdivided into 13 units (units 0 to 12), and these
units are used by the main program as and when required.
The main algorithm is now briefly described below.

The main program first initializes all the character
variasbles, counters and the variable 'ep' for the end

code.

Next, it reads the first character in the character
variable ‘chl’ from the Bangla text file and it checks
whether it is a blank ( ) or a comma (,). If the answer
is ‘yes’, it means that an end of a word has been
reached. If so, it goes to merge the files corresponding
to the sound units already assigned in the earlier
stages, then it initializes the variables, if necessary,

and returns to point (A) of the main program.

If the answer is ‘no’ it checks whether the first
" character is a full stop () or a question mark (?). If
‘the answer is ‘yes’, it means that an end of a sentence
has been reached. If so, the program plays back the
speech files corresponding to the words of a sentence in

a sequential manner.

However, if the answer 1s "'no” it gbes to check whether
the first character read 1is an “oi’-kar (f . If the
answer is ‘yes’ unit 1 is called on to take necessary
steps to assign'the sound units, initialize the variables

and return to point (A) of the msain program.

If the answer 1is ‘no’ it checks whether the first
character read is an 'E'—karﬁrs..lf the answer is ‘ves’,
it calls unit 2 to take necessary steps to assign the
sound units, initialize the variables, if necessary, and

return to point (A) of the main program.

" If the answer is ‘no’, it goes to check whether the first
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character read is an "A°'-kar ({). If the answer is “yes’,
unit 3 is called on to take the necessary steps to assign
the sound -units, initialize the variables if necessary,

and return to point (A) of the main program.

If the answer is 'no’, it reads the second character in
the character variable "ch2’ from the text file, and goes
to check whether it is a Ref (~). If the answer is ’yés',
it calls unit 4 to take necessary steps to assign the
sound units, _initialize the variables and return to point

(A) of the main program.

If the answer is ‘no’, it goes to check whether the
second character read from the file is a 'Ri’-fala ({ .
If the answer is ‘yes’, unit 5 is called on to take (=5
necessary steps to assign the required sound wunits,
initialize the variables, 1if necessary; and return. to

pdint (A) of the main progranm.

If the answer is 'no’, it checks whether the second
character read is an ‘U’-kar(e) or Dirgha ‘U’-kar (& ). If
the answer is °‘yes’, wunit 6 1is called on to take

necessary steps to assign the sound units, initialize the
variables, if necessary, and return to point (A) of the

main program.

If the answer is 'no’, it goes to check whether the
second character read is a Ja-fala (3). If the answer is
‘yes’, it calls unit 7 to take necessary steps to assign
the sound units, initialize the variables, if necessary,

and return to point (A) of the main program.

If the answer 1is ‘no’, it checks whether the second
character réad is a '‘Ra-fala &4 ). If the answer is ’'yes’,
unit 8 is called on to take necessary steps to assign the
sound units, initialize the variables, if necessary, and

return to point (A) of the main program.

27



If the answer is 'no”,it goes to check whether the second
character read is an "Aa’-kar (1). If the answer  is
"yes®, it cails unit 9 to take necessary steps to assign
the sound units, initialize the variables, if necessary,

and return to point (A) of the main program.

If .the answer is 'no’, it <checks whether the second
character read is a Dirgha 'E’—kar‘?q). If the answer is
‘vyes’, unit 10 is ‘called on to take necessary' steps to
assign the sdund units, 1initialize the wvariasbles if

necessary, and return to point (A) of the main program.

If the answer is ‘no”, it checks whether the second
character read is a chandra bindu («+). If the answef is
‘ves’, it calls unit 12 to take necessary steps to assign
the sound uhits,-initialize the variables, if necessary,
and return to point (A) of the main progranm.

If the answer is ‘no’, wunit 11 1is called on to take
necessary steps to assign the sound units, initialize the
variables if necessary, and return to point (A) of the

main program.

The flow diagrams of the units from unit 0 to 12 are
shown in figures 4.2 to 4.14. Unit O defines the global
variables and also initializes them. These flow diagrams
can be easily understood following the same'procedure as
used to describe the main algorithm (as shown in figure

4.1) in the preceding paragraphs of this section. Unit 11
is a special' unit. This unit assigns all the sound units

corresponding to joined-letters, and other exceptions._

One important aspect is worth mentioning.hereC)which is
the use of an "end code" to form the correct
pronunoiatipn of a word when a single vowel or a single
consonant appears at the .end of the word (without any

vowel auxiliary). This has already been discussed with a
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papﬁicdlar example in section 3.1. The units 2, 3, 4, 8,
and-11 checks the “end code” of the previous utterance
and goes to assign the actual sound unit/units required

to form the correct pronunciation of a word.

The Bangla text-to-speech converter algorithm has been
briefly described in section 4.2. Two other aspects,
which are, the file merging technique and the play back
procedure need to be described here.. They are briefly

described in sections 4.3 and 4.4, respectively.

4.3 The File Merging Techniquel
A few DBangla words have single sound wunits in them.
However, most of the Bangla words require multiple sound

units to form the corresponding speech sounds.

After assigning  the sound units for each speech segment
of a word, it is necessary to merge the sound units
together to reconstruct the speech sound corresponding to
the word. Depending on the sound units present in a word,
the file merging technique differs. An individual file
corresponding to a sound unit has its own header, which
contains useful information about the type and length of
the sound file. This information is vital for producing
correct speech sound when the sound Ffile is playved back.
When two such sound files are merged together to form a
new sound Ffile, the headers of both the files are
omitted, and a new header is inserted followed by the
speech 1nformation of the two sound . units. When three
sound units are merged together, another new header is
lgenerated omitting the headers of _each sound unit and

merging all speech information sequentially.

In- our Banglsa "text—to—speeqh converter’ algorithm, we
have kept provision for merging a maximum of ten sound

units together. Because, so Far as we have come across,

the longest Bangla word (Qﬁﬁh{ﬁ#rvﬁﬁﬁnﬂ’ ) requires eleven
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sound units @+W+f+@4+q+ﬁmﬂ+w‘fag“ﬁlo be merged

together to form the corresponding speech sound.

4.9 The Play Back Procedure

The play back facility of the Sound Galaxy software,
provided with the Sound Galaxy Nx Pro 16 sound card, has
been utilized to play back the play filgs of the Bangia
"text~-to-speech converter” algorithm. After merging the
sound units for each word of a sentence, it ié essentiair
to play béck the words of a sentence one after anothef.
In our Bangla “text-to-speech’ éonverter we have képt a
provision to play back a maximum of eleven words for a
sentence. '

This chapter has described the main algorithm of a Bangla
, féxt—to—speech converter and has given the flow diagrams
of all the units used by the main program. The next
chapter explores sonme of the possible applications of the
Bangla “text-to-speech converter;' algorithm, which has
been developed and implemented in PASCAL programming
language. ‘
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'CHAPTER 5

APPLICATIONS OF THE

BANGLA TEXT TO
SPEECH CONVERTER

This chapter describes some of the poésible applications
of the Bangla text to speech converter. There 1is a
special feathre of the Bangla text-to-speech converter,
and this text—tb-speech converter has its own drawbacks
as well. These two aspects are also described in .this

chapter.

5.1 Possible applications of the Bangla text-to-speech
converter ' |

The Bangla text-to-speech converter, 'which has been

developed in PASCAL programming language, can be used in

a variety of applications. They are enumerated below.

(a) As a language tool for the dumb

The Bangla text-to-speech converter can be used as a
language tool for the dumb who can write, . but <cannot
speak. If the desired texts are input from the keyboard
of & PC, the text—to-séeech converter will convert these
texts intd audible speech sounds. Thus, a dumb can
communicate with others using the text-to-speech
converter. A disabled person, who after an accident has

:got his/her speech organ damaged, can also make use of

this text-to-speech converter to communicate with others.

(b) Text-to-speech converter to read books or newspapers
The Bangla text-to-speech converter can read books or
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newspapers coupled with another converter that can
convert standard Bangla printed texts to word processor
text files (This converter has yet to be developed!).
First, the ‘printed text to word processor file"
converter will convert the printed Bangla texts .to
corresponding word processor file,"and then the Bangla
text-to-speech converter will operate and convert the
texts'to audible speech sounds. The combination may be
named as a book. reader’. This so called book or

newspaper reader can be of great help to those who_ want

to hear, but do not want to read, or do not know how to

read, or cannot read because he/she is a blind.

(c) Generation of speech of a particular person from
"arbitrary text input

In our Bangla text-to-speech converter, the sound units

of a partioular person are recorded from different

sentences pronounced by that peréon. Later on, the text-

to—épeech converter  generates speech sounds from

arbitrary text input, by merging the appropriate sound

units together. This may have manyfold épplications, some

' of which are mentioned below.

{i) Voice generation of a person in aﬁaudio transmission
studio

Once the basic sound units of a particular person are

recorded, the Bangla text—toFspeech converter simply

requires' to input.'the cbrresponding' texts from the

keyboard of a PC, to produce any speech sound in that

‘person’s voiCe. This voioe generation in the absence of a

person may be used in an audio transmission studio. It

may totally replace ‘the persons who read news in Bangla,

make anncuncements, and to sonme extent, those: - who

participate in a drama, in story telling etc..
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(ii) To produce actor 's/actress” voice in an unfinished
Bangla film '

If the sound units of a person are once recorded, his/her
voice may be generated by using the Bangla text-to-speech
converter even after his/her death. Also, the voice of =
person at young age can be generated at a later stage.
This facility may be used along with the video processing
systems to finish the dialogues of an unfinished Bangla
film, which could not be finished otherwise owing to

sqdden death or illness of an actor/actress.

{(iii) As a falking computer in the classroom

In educational institutions, if a teacher bebomes so‘busy
‘that he dannot“be present in the classroonm, he'may input
the texts of his 1lecture beforehand, and the text-to-
speech converter will operate and take the class on his
absence. Thus, it will be»a talking'computer in the class

room.

{iv) For advertisement and announcement purposes in
public places

If. the sbund units. are recorded from the "voice of a
person with desired inflection and personality, the
Bangla text-to-speech converter can be used for
advertisement and announcement purposes in public - places
(like at a bus stop, air—port,' railway station, hospital,
fair etec.). It can also act as a receptionist at a party

or function.

{(v) In Telecommunication and electronic mail systems
Bangla text—to—épeech converter can. be used in
Telecommunication and electronic mail systems to produce
audio messages from the corresponding text inputs.
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(vi) For generating speech sounds to develop various

' video games and education programs on a PC.

The Bangla text-to-speech converter can be used to
develop useful education programs (like teaching Bangla
alphabets using audio sounds from the converter), and
also to generate Banglq Sounds for the video games on a
PC. '

5.2 Special feature of the Bangla text-to-speech
converter . _

A 'text~to—speéch synthesizer’® produces synthetic or
artificial speech from arbitrary text  input. Our
algbrithm to convert text input to corresponding sound
output has been named as a 'text—to“speech.converter’. We
have preferred the word ‘converter’” instead of the word
‘synthesizer® to choose the name .of the text-to-speech
convefsion algorithm, as it was initially designed to
convert arbitrary text input tb corresponding speech

sound of a particular person.

Conventional text-to-speech synthesizers - of other
languages can produce either artificial speech, or the
speech of a particular person. However, our text-to-
speech converter can not only convert text input to
speech sound of a particular person, it can also convert
the text input to synthetic speech, if the sound units
are generated from appropriate mathematical models. Here
lies the speciality of this text-to-speech converter.
This is possible greatly because of the unique property
that the Bangla language .has,a fixed pronunciation fule
for a specific arrangement of Bangla letters in a word
(This has also been discussed in section 2.4). This
reduces the number - of required sound wunits markedly
(approximately 1500). On the contrary, there is no such
definite rule for the English language, and the morpho
dictionary method ' of text-to~speech  conversion by

Allen [2] requires 10000 speech segments.
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5.3 Drawbacks of the Bangla text-to-speech converter

Although; the Bangla text-to-speech converter could be
developed with less numbers of basic sound units compared
to its English language counterpart {the morpho

dictionary method [2]), it has some drawbacks as well.

The -major drawback is that the resulting speech, while
certainly intelligible on a basic sound unit basis, tends
to. be perceived, at some instances, as mechanical and non
human. There still remains the problem of intonation,
because words formed from different sound units has
different intonations. There are also discontinuities
from word to word, which may detract the naturalness of a
sentence. Slapping- the sound units together from
different words recorded at different times also result
in a choppy “sing song’ effect, since the pitch and

duration of the words do not necessarily match.

The sound units generated from this  text-to-speech
converter does not indicate where the speaker wishes to
place_ emphasis on. In Bangla language, there are
' imperﬁtive, interrogative and exclamatory sentences,
which express the feeling of the speaker differently at
different situations. Different words are also pronounced
differently depending on the environment and situation in
which the speaker is spesking. This  text-to-speech
converter, however, can ‘not provide us with these

variations.

In the next chabter conclusions of the current research
are drawn, &and some suggestions are put forward for
future improvements and applications of the Bangla text-

to-speech converter.

50



CHAPTER 6

CONCLUSIONS
AND SUGGESTIONS FOR
FURTHER RESEARCH

¥

In this chapter we have concluded the results of the
current research and have proposed a few topics for

future resesarch in this field.

6.1 Conclusions

The text-to-speech converter which has been described in
this dissertation is the first one developed for the
Bangla languade. Various methods are available to. develop
a text-to-speech converter. They are: (a) the phoneme

method, and (b) the sentence, word, and part of a word -

storage methods. & summary of . the development of the

Bﬁngla text-to-speech converter is described as follows.

To dévelop the Bangla texf—to-speech converter we did not
maké use the phoneme method, as 1t requires complex
analysis and difficult software development. Horeover,’
text-to-speech conversion in this method would be a bit
slow. The Bangla text-to-speech converter-was developed
using the method that stores part of the word (syilable
or speech segment). The advantage of this method is that
it is easy to implement using a commercially available
sound card. Our text-to-speech converter requires less
number of sound units to be stored, and it produces less
"sing song” effect compared to its English language
counterpart (thg morpho dictibnar& method [2]).
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‘The Bangla text-to-speech converter can generate speech
sounds of a particular person from arbitrary text input.
If the basic sound units are generated  from the voice of
another person, it would generate speech sounds of that

person from arbitrary text input.

English text-to-speech cbnverters, using the phonene
method, can produce synthetic speech only. However, in
our text-to-speech converter, if the basic sound units
are generated from mathematical models, it will génerate

synthetic speech as well.

The Bangla text-to-speech converter can be widely used as
a language tool for the dumb (who can write, but can not
speak), a speech generator of a particular person from
arbitrary text input, and a talking computer in =&
classroom. This mayﬂalso be used for advertisement and
announcement purposes in public places - and in

telecommunication.

Although, ‘the Bangla text-to-speech converter could be

developed with 1less numbers of basic sound units compared
to its English language counterpart, it has some
drawbacks as well. As it merges different sound units
together to form a word, there remains the problem of
intonation. Slapping the sound units together from
different words, ‘recorded at different times, may also
result - in a choppy ’'sing Sbng' effect. This text-to-
speech converter can not generate variations of speech
sounds of an imperative, or interrogative, or exclamatory

sentence.

In Banglsa 1anguage, when a joined-letter is involved in =
word, the rule for converting it to speech sound is a bit
complex. There are salso some exceptions in pronocuncing
some wWords involving Particulart Bangla letters. Such

exceptions have been taken . care of in unit 11 of the
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text-to-speech converter algorifhm. Héwever, as this
text-to-speech converter is first of its kind, and as
this is the first version of it, all the problems could
not be solved in a single piece of work. A few other
problems remain to -be solved. For example, the converter
produces the correct speech sound of the Bangla word
* @13 ° when it represents a day. However, when the same
word ° 2”?" is used - to 'reéresent a number (which
represents twelve in Bangla), ‘the converter will still
pronounce the word as to mean ‘day’ of a week. Many other
problems might have .remained unnoticed. These problemns
will, hopefully, be eliminated in the subsequent versions

of the Bangla-text-to-speech converter.

6.2 Suggestions for further research in this field

The Bangla text-to-speech converter, which has been
developed and described in this  dissertation, first
converts the words of a sentence to speech files, and
when the conversion of a sentence is finished it plays
back  the speech files sequentially. This takes time to
' generate the speech files before another sentence could
be played back. There may be modifications of ﬁhis
converter to suit specific needs. These and the other

topics of research are described below.

{a) A provision can be kepf in the Bangla-text-to speech
converter to generate play files corresponding to text
inputs of a paragraph or of a page, and then the speech
files of the paragraph or page should be played back
sequentially at a time. This will produce speech sounds
of the texts of a paragraph or of a page continuously.
However, this method would increase the hard disk surface
requirement to store many. speech files, and would take
more time to convert texts to speech files before the

actual playing of the filés can begin.
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(b) However, a sort of parallel processing might also be
incorporated, - which would, perhaps, be a better
alternative to it, and would reduce the hard disk surface
requirement. The interrupt facility of the PC could be
used to play the speech files corresponding to a
sentence.  While the sound card is playing a sound file
back, the processor will carry on the identification,
lsound file assignment, and file merging tasks of a new
sentence. Thus, playing the current speech files and
generating new speech ~ files for the next sentence
together will facilitaté faster conversion with reduced

hard disk surface requirement.

(c) Further research may be carried out to produce
naturalness of the speeoh sounds produced by the Banglsa
text-to-speech converter by reducing the ’sing-song’
effect and the problem of intonation. 1In this regard,
extensive analysis of the Bangla sound units may be

carried out,

(d) Research may be carried out to develop proper
mathematical models of the Bangla sound units,  which
would enable the current Bangla text-to-speech converter

to produce synthetic Bangla speech.

(e) Research may also be carried out to develop Bangla
speech recognition systems using linear predictive

models, and neural network systems.

(f) Research may be carried out to develop applidation
softwares (the applications of the Bangla text-to-speech
converter are described in section 5.1) and education
tools for PC, wusing the speech sounds produced by the

Bangla text~to-speech converter.

(g) The sound units generated from the voice of a

particular person may be used to produce speech sounds of
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other languages by using the Bangla ‘text—to—speech
converter, A dictionary of that languagé has to be
prepared in a tabular form so that the word of that
language and its pronunciation has to be written side by
side in Baﬁgla letters. Then a special software has to be
developed, which will translaie the texts of that
language into the pronunciation sequence in Bangla (may
be termed words, which may not carry any meaning 1in
Bangla) using the ’lobk—up—table' type dictionary. Then,
the Bangla text-to-speech converter will be invoked to

produce the . spéech sounds corresponding to the

pronunciation sequence. The success of thisr
however,uﬂldepend on whether the speech sounds
corresponding to the Bangla sound units are sufficient to

pronounce all the words in that language.
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APPENDIX A

- VOWELS OF BANGLA WORD:
u) 6”! 3! ?‘s %: @: X q'I) (Qv a! ‘e: @

CONSONANTS OF BANGLA WORD: |

$, %, o, 9,8, 5, & &, W, @, 5, 5§ ,B, 5, 49, «
%, 4, 4, %, %, 3, ©, %, ¥, 7, @, A, F, %, 7, B, b,
T, 0,8

VOWEL AUXILIARIES OF BANGLA HORD:‘
T: f: RT! c: ar e ?!VT‘

- OTHERS SYMBOLS:

v
Wt ) Y’ <t



APPENDIX B
BANGLA SOUND UNITS ARD THEIR FILE NAMES

- = ViC.WAV

le Name
V1.WAV
r V2C.WAV

V2.WAV

V3C.WAV
V4G . WAV
V5C.WAV
V6C . WAV

Cle| ok | o | | S

% V7C.WAV
a V8C.WAV
- VOC . WAV

(<13

V10C.WAV
V11C. WAV
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M C1l.WAV

&

C2.WAV

' 3 C30.WAV
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fy C60.WAV

() RE C59.. WAV
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Sound Unit File N
o

ame
C1l17.WAV

&i C118.WAV
et : C119.WAV
fg C120.WAV

85, C121.WAV

as, C122 WAV

15, . C123.WAV

v C124 . WAV

KA C125. WAV

2 C126.WAV

C C127.WAV

af - C128.WAV

&l C129.WAV

fa C130.WAV

g1 C131.WAV

% | ci32.wav

% C133.WAY

i& |  c134.WaAv

el C135.WAV

C136.WAV

2 C137.WAV

/ ©“ | ci3s.Wav
(12 2l C139.WAV
(/ii ?;‘ C140.WAV
C141.WAV

du C142.WAV

as, C143.WAV

R C144.WAV

S _C145 WAV
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ame
WAV

£

e

YEGIL

N\
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) C233. WAV
%5, C234 . WAV
3, C235.WAV

C236

.WAV

C237.

WAV

C238.

WAV

C239.

WAV

C240

.WAY

C241.

WAV

3 C242.WAV
G C243.WAV
w C244.WAV
ot C245.WAV
¢ C246.WAV
¥ C247 . WAV
@ . C248.WAV
el C249.WAV
f C250.WAV
i} C251.WAV
WG, C252. WAV

C253.

WAV

C254.

WAV

C255.

WAV

C258.

WAV

C257.

WAV

C258

.WAV

C258.

WAV

C260.

WAV

281

WAV
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WAV

Sound Unit
g
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Sohnd Unit
CIE

: WAV

C407.

C408.WAV

C408.

C410.

C4a11.

C412.

C413.

C414.

C415.

C418B.

C417.

C418.

C419.

C420.

C421.

C422.

C423.

C424 .

C425.

C426.

C427.

C428.

C429.

C430.

C431.

C432.

C433.

C434.

(a3

e
.WAY

.WAV
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C494.

Sound Unit File Name

WAV

C495.

WAV

C496

WAV

C487.

WAV

C498.

WAV

C499

WAV

C500

.WAV

C501.

CH02.

C503.

C504 .

C505.

C306.

C507.

C508.

C509.

C510.

C511.

C512.

C513.

C514.

C515.

C518.

C517.

C518.

C518.

C520.

C521.
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C552.

WAV

C553.,

WAV

C554

.WAV

C555.

WAV

C5586

WAV

C537.

WAV

C558.

WAV

C558.

€560.

C561.

CHB2.

C563.

C564.

C585.

C588.

C567.

C568.

C569.

C570.

C571.

C572.

C573.

C574.

C575.

C576.

C577.

Co78.

C579.
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.WAV
.WAV

k!  CB10.WAV
« CE11.WAV

Sound Unit
a‘ o
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WAV
WAV

WAV
WAV
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C726. WAV

C727.WAV

C728.

C729.

C730.

C731.

C732.

C733.

C734.

C7395.

C736.

C737.

C738.

C739.

C740.

C741.

C742.

- C743.

C744.

C745.

C746 . WAV

C747.

C748.

C748.

C750.

C751.

C752.

C753.
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C784.

C785

WAV

Cc788.

WAV

C787.

WAV

C788.

WAV

C789.

WAV

C780.

WAV

C791.

WAV

C792.WAV

C793.

WAV

C784.

WAV

C795.

WAV

C796.

WAV

C797

.WAV

- C798

.WAV

C798.

WAV

C800.

WAV

C801

WAV

C802.WAV

C803.

WAV

C804

.WAV

C805

WAV

C806.

WAV

C807.

WAV

C808.

WAV

C809

WAV

C810

.WAV

C811.

WAV
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Souned Unit E ¥ile Hsme

Sonnd Unit B File HName

¥ 813 WAV Sil (847 WAV
ur CH14 HAV g (643 WAV
Bt cs1s. WAy o coda WAV |
Byt CE16. WAV gy coas.wav
Gl €817 WAV qr 546 WAV |
1l CH18. WAV w coa7 . 4av |
M C819.HAY + 848, WAV |
i C820. WAV i C849 . WAV
il CB821.WAV as 850 WAV
ol c822 . WAV i C851.HAV
o 0823 . WAV ikl ce52 WAV |
an CB24 WAV ¥ C853. WAV
Ml €825 WAV W 0854 WAV
i C826. WAV i C855. WAV
hl C827 . WAV il 0866 . WAV
hl C828 WAV L3 C857. WAV
" 0879 . WAV 131] 358 WAV
il CH30 . WAV il C859 . WAV
NT C831.WAV ll C8B0 wav%
ML CB832.WAV 1 0861 . WAV
h C833. WAV eIt co62 WAV
n €834 . WAV 20 CH63. WAV
7 C835 . WAV th"“\\\ 364 . WAV
A5 C836. WAV | , 8 865 WAV |
Al 837 . WAV / 1 case.wav §
kil R385 . WAV Sl / C8s7 wavﬂ
35 C839 . WAV / CB68 WAV
awr 0840 . WAV B ' CE69. WAV ﬂ
S5 0841 . WAV e CB70.WAV ﬂ




Sound Unit j File Hame Sound Unit File Name
5“: C1C.WAV X C52C . WAV
| « C2C. WAV K C53C . WAV
Al C3C. WAV ki C54C . WAV
| ot 'C4C . WAV 2d C55C . WAV
I i C5C. WAV g CB7C. WAV
| - A CBC. WAV ‘?‘ CEE8C. WAV
¥ C7C . WAV q CB9C. WAV
k CBC. WAV & C70C. WAV
¢ cac . WAV il CT71C . WAV
- ks C10C. WAV @ C72C . WAV
Bl C11C.WAV g C73C. WAV
l ;‘_ C23C. WAV 9 C74C . WAV
“ C24C . WAV g C75C. WAV
all C25C . WAV W C76C . WAV
et C26C . WAV ‘:’" | C77C . WAV
i C27C. WAV v Ca5C. WAV
’f‘ C28C.HAV C? C36C. WAV
3 C28C.WAV e C97C . WAV
3 C30C. WAV wt C98C . WAV
E C31C.WAV o C99C . WAV
| W C32C. WAV 2 C100C . WAV
A1y S  C33C.WAV '§ C111C.HAV
_k C45C. WAV % C112C.WAV
, & __casC. WAV | w C113C.HAV
| "‘n‘ ca7C. WAV }§ Wt C114C. WAV
T C48C. WAV ¥ C115C . WAV
i C49C. WAV % C126C. WAV
A C50C. WAV & C127C . WAV
| 1 C51C. WAV <t C128C. WAV
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Sound UYnit

ﬂ File Hame

Sound Unit E File Hame _ﬁ

&l 1290 . WAV 3 C180C . WAV
fa C130C . WAV 3 393C . WAV E
| C131C. WAV @ (194G . WAV
K3 01320 WAV wt C195C. WAV a
3  C133C. WAV BT C196C . WAV E
k3 C134C . WAV i 01970, WAV
‘ff C135C . WAV 5 C1.98C . WAV
3 (136C . WAV % C 1890 . WAV
& C148C . WAV 5 02000 . WAV
o C149C . WAV w C201C. WAV
af CL50C. WAV Wt cr02¢. WAV |
Wi C151C. WAV 4 c203¢ WAV |
f& C152C. WAV 3 C2150. WAV ﬂ
gl C153C. WAV e C2160C . WAV E
2 C154C . WAV 3t C217C. NAV
§ C155C . WAV @t £218C. WAV E
& C156C . WAV g C219C. WAV E
(-f" C167C . WAV al C2200 . WAV
N C158C. WAV g C221C . WAV ﬁ
T C170C . WAV g C222C . WAV E
@ C171C . WAV @ C223C WAV
K C172C . WAV Es'f-' C224C . WAV
it - C173C. WAV & C225C WAV
fa C174C . WAV y_ C236C. WAV
fﬁ C175C. WAV © CZ3TC_ WAV .
E 1760 WAV Sl C238C . WAV
3 QIO UWAY oot C239C . WAV
o C178C . WAV fs C2400 . WAV
it C179C . WAV 1 C241C. WAV
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Sound Unit l File Name

Sound Unit I__ File Name I
%- C242C . WAV Sl C304C.WAV
§ C243C . WAV st C305C. WAV
ks C244C. WAV f C306C. WAV
& C245C . WAV 81 C307C. WAV
¢ C246C . WAV g C308C. AV
v C258C . WAV 3 C309C. WAV _
& C259C. WAV | L C310C. WAV
B C260C . WAV <81 C311C.WAV
e C261C. WAV § C312C. WAV
5 C262C . WAV % C324C . WAV
A C263C . WAV % C325C. WAV
3 C264C . WAV ol C326C , WAV
| 5 C265C . WAV Bl C327C . WAV
| W C266C . WAV % C328C . WAV
| W C267C . WAV f C329C. WAV
, % C268C . WAV i C330C. WAV
K C280C . WAV g C331C. WAV
LA C281C . WAV i1 C332C. WAV
ot C282C. WAV et C333C. WAV
i C283C. WAV ] C334C.WAV
% . C284C.WAV R C346C . WAV
Bil C285C . WAV ™ C347C . WAV
' 5 C286C . WAV i C348C. WAV
i c287C . WAV | i C349C. WAV
i< C288C. WAV | i C350C. WAV"
wit  C283C. WAV 1 C351C.WAV
3 C290C . WAV | ] C352C. WAV
$ C302C. WAV l i C353C. WAV
- C303C. WAV | YR C354C. WAV
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WAV
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WAV

(3680

WAV
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WAV
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WAV
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WAV
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WAV
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WAV
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WAV
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WAV
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WAV
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WAV
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l File Name

Sound Unit l File Name '

Sound - Unit I_

¢S5 C478C . WAV C528C. WAV

S C479C . WAV czl‘t C530C . WAV

S C480C. WAV g C531C. WAV

f5 C481C . WAV i C543C . WAV

& C482C . WAV & ' C544C . WAV

g C483C . WAV gt C545C . WAV

E_ C484C . WAV el C546C . WAV

LS C485C . WAV i C547C . WAV

SN C486C . WAV g C548C . WAV
° C487C . WAV i C549C . WAV _

& C499C . WAV i C550C. WAV

CL C500C . WAV W C551C. WAV

il C501C. WAV ot C552C . WAV

| et C502C. WAV & C559C . WAV
% C503C. WAV f C580C. WAV

il C504C. WAV Gl C561C. WAV

i C505C . WAV @t C562C. WAV

’{_ C506C. WAV fd C583C. WAV

w C507C . WAV Gl C564C . WAV

' et C508C . WAV G C565C . WAV
¥ C509C . WAV g C566C . WAV

s C521C. WAV W C567C . WAV

o C522C . WAV Sl C568C. WAV

il C523C. WAV i C569C . NAV

it C524C . WAV i C581C . WAV
fd C525C. WAV ™ C582C . WAV
i C526C. WAV } At C583C. WAV

g C527C. WAV il C584C . WAV

g C528C. WAV l & C585C . WAV
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Sound Hnit

Sound UnitI File Hame j

_;B Fiie Hame

il 05860 WAV X CE4ABT WAV
(] Q587G WAV =t CH49C WAV
b CEBEC WAV ez CRHOC . WAV
is 055G WAV % CHS1C . HAV
ol 05900 WAV ¥ 06520 . WAV
3 05910 . WAV 3 6530 WAV |
g CBO3C WAV 3 (65540 . WAV
w CO04C WAV | X CHEBC WAV
5T CBOST . WAY ) CBEEC. WAV
5l CBUBC. WAV H CE5TC WAV u
A 3 R
CRBOTC. WAV (BEEC . WAV
) CBO8C . WAV o Ce69C. WAY |
g CHOIC . WAY &f corie WAy |
g CH10C. WAV G CB71C WAV |
W C611C. WAV 1 6720 . WAV |
o CH1ZC WAV 8 730 WA |
i C613C. WAV % CB74C . WAV
f CHERHC . WAV A CB75C. WAV
. CE26C . WAV <  CB76C . WAV
it CB27C . WAV e CBT7C WAV
oif CE28C. WAV # CETSC WAV,
f CBZYC . WAV & CERIC. WAV |
kL CEINC. WAV o 06610 . WAV
% CERIC. WAV Sl CBI2C . WAV
% C632C . WAV oot 06930 . WAV
ial cea3c WAV |} fS CHYAT . WAV
it CH34C. WAV N CBYEC . WAV
b - CB35C . HAV § CHIBC. WAV
: CHATC WAV $ cogrc. wav |




Sound Unit T File Name Sound Unit File HRame
w® f CEIBC . WAV
et C699C. WAV
3 C706C . WAV

I W C707C . WAV
2 C708C . WAV
| : ki C709C. WAV
b C710C. WAV
5 C711C.WAV
¢ ' C712C.WAV
i' C713C.WAV
K C714C.WAV
il C715C. WAV
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APPENDIX C

Bangla symbols and their corresponding ASCII code

ASCII Code

number

Bangls Symbol

Bangla Symbol | ASCII Code

72

102

87

80

Al sl aja &

98

.75

115

82

106

108

112

222

119

121

114

69

Aol vl A &) ]9 [l aAlajgal

89

58

218

»

94

[ 3]

103

—

107

ol ¥ & & | F| ST |6

104

<) &

- 39

220

1 223

T 221

i ] 2A)ljd [A

| 38
81
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Bangla Symbol ASCII Code
. ' 122

Bangla

Y

Symbol ] ASCII Code
' 198

113

202

[1

o
=11

195

| | o gla| ale
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