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Abstract

This paper illustrates the design and implementation of Bangla (widely used as Bengali) Text to Speech (TTS) system from the
very raw level without using any third party speech synthesis tool. For constructing the system we have considered two directions,
where one is based on phoneme and another one is on syllable. In this study, our proposed system comprises some stages. At
first stage audio sounds are recorded for each of the Bangla phonemes and three thousand out of 250000 syllables in Bangla,
and then noise is reduced to obtained high quality sounds for each phoneme and syllable. Second stage searches for longest
possible matching of the syllables if it is available in the input text, and if not, then searches for the phonemes to match with the
corresponding graphemes. For further improvement, we also added the complex conjuncts which need to be handled separately.
It is observed from the experiments that the syllable based method provides the better quality speech for the input text in
comparison with the method based on phoneme.
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selection, automatic segmentation tools and shown

1. INTRODUCTION their «_—:-xperiment results. Moreover, Firoj Alam, et a_ll [8]
Speech synthesis is the automatic production of human described the development process of Bangla (widely

speech, where a computer system used for this purpose used as Bengali) TTS using a speech synthesis tool
is called a speech synthesizer, which can be nameld Festklval.b But velrydfevhv_ Iltteriitures are found in
implemented in software or hardware products, but a text Bangla spoken by Bangladeshi people.

to speech (TTS) system converts normal langauge text In this paper, we have proposed a system that shows the
into speech [1]. Mute people cannot talk, but they will design and implementation of Bangla Text to Speech

be able to talk using the TTS system, where they will (TTS) system from the very raw level without using any
type their desired words or sentences, and the TTS third party speech synthesis tool. Two proposed systems in
system will convert them into human speech. On the this study based on phonemes and syllables comprises two
other hand, blind people cannot see, but they can hear stages, in which the first stage audio sounds are recorded
the sound. If a mute want to communicate with a blind, for each of the Bangla phonemes and three thousand out
the blind cannot see mute's sign language, but he/she can of 250000 Sy llables In Bangla, and then noise is reduced to
hear the speech that has been produced by the TTS obtained high quality sounds for each phoneme and
system. Therefore, a mute can converse with a blind syllable; and the second stage searches for longest possible

; matching of the syllables if it is available in the input text,
using the TTS system [2, 3] and if not, then searches for the phonemes to match with
Several attempts [4-8] had been made to develop and the corresponding graphemes. For further improvement,
stimulate the process of development of the Bangla TTS we also added the complex conjuncts which need to be
synthesis system. In [4], epoch synchronous non overlap handled separately.
add (ESNOLA) method based concatenative speech
synthesis system for Bangla was developed by Shyamal 2. SPEECH SYNTHESIS

Kumar Das Mandal, et. al, in which authors described a
system for concatenative speech synthesis using
ESNOLA technique. Again, S. K. D. Mandal, et. al [5]
showed some practical applications of Bangla TTS
system using Epoch Synchronous Non Overlap Add
(ESNOLA) technique. On the other hand, some
important aspects of Bengali Speech Synthesis System
proposed by A. Bandyopadhyay [6] used phonemes to
develop voice database and used Epoch Synchronous
Overlap Add (ESOLA) technique to concatenate the
phonemes. Besides, T. Sarkar, et. al [7] described about
grapheme to phoneme conversion, optimal text 51

Speech synthesis is the computer-generated simulation of
human speech, which is used to translate written
information into aural information where it is more
convenient [9]. The generation of a sound waveform of
human speech from a t extual or phonetic description is
called speech synthesis [10]. To generate speech output
from a given text, first, the input text is analyzed deeply.
Then grapheme to phoneme conversion is carried out using
pronunciation and letter to sound rule. Same phoneme or
syllable may have different pronunciations depending on
the grammatical and pronunciation rules. So the



pronunciation of the phonemes and syllables are detected
by analyzing those rules. After identifying the
corresponding sounds of matched syllable and phonemes,
they are concatenated and played to generate expected
speech output. Fig. 1 shows the workflow of speech

synthesis.

‘ Text Analysis (Converting Number, Abbreviations, Dates) ‘

l

‘ Phonetic Analysis (Grapheme to Phoneme Conversion) ‘

‘ Prosodic Analysis (Detecting Grammar Rules) ‘

l

‘ Waveform Synthesis (Speech Synthesis after Concatenating Speech Units) ‘

Speech Output

Fig. 1. Work flow of Speech Synthesis.

3.  SPEECH SYNTHESIS METHODOLOGY

Different phases of our speech synthesis methodology are
described below.

3.1  Text Analysis

In this level, the input text is analyzed deeply to convert it
into pronounceable sounds. Bangla text contains the
following alphabets and symbols. Here, IPA symbol for
phoneme is also shown here

Bangla Vowel ( 18Tl ch)
3 W T R T T W g
[20] [=] [Le] (i1 [uwe] [u] [;'] [e.2] [of] [e] [ow]

s e I g 3 7 =@ & &

1N
ka k3 ki KT ku ki Kr ke kai ko kau

& 8 @

ai o au

Bangla Consonants (13« aﬂ@ﬂ?‘f):

P (o] Y ke (ko] N o (1 X ona (g0] § e (]
D a1 B chairol T » (w1 Q ha [a0] B fa (]
Duich & mio) Ga @ B o e q n (m)
© @ ) Y ta (o] | ca (w] & ona (90] § na [m)
P pa (] T pha [po]  ba (0] O bha [bo] W ma [mo)
Y yaiwl = (k] & & [b]

W sa (o] F osa (p] F sa (o] B ma [mo]

M

) Q«E @ el D m (o)

Modifier Symbols:

hasanta - mutes inherent vowel q; k[k]

N ~
Q khanda-ta - final unaspirated dental qsg Kat [ kot ]
o _ o :
{ anusvara - final velar nasal qs\ karh [ kon ]
g visarga - adds voiceless breath after vowel asg kah[koh]/[ko]
< s
chandra-bindu - nasalises vowels qs ki [K3]

Post-consonantal vowel signs:

O = <l (akar) asin BT (should be after consonant)

% = o (hrossikar/ikar) asin &

5% =4 (dirgghikar/ikar) as in Ft (should be after consonant)
G = ¢ (hrossukar/ukar) asin @ (should be under consonant)
G = ¢ (dirgghukar/ukar) asin ¥ (should be under consonant)
A =¢ (rikar) asin P (should be under consonant)

4 = (o (ekar) asin P

& =T (okar) asin (&

8 = (ol (okar) asin (Bl

& = (7 (oukar) asin (I

First, total number of characters in input text is counted.
From the beginning of the input text character, longest
possible match for the synthesized sound unit is searched.
Words are differentiated with space so the search continues
to find longest sub-word match until a space is found. If
search pointer reaches to a space, new word begins. The
search continues until the end of the input text.

To illustrate the analyzing process let us take a sample text
and analyze it:

Sample Bangla text; "SI\ ©I® Yr2"

Here, total number of characters = 11
Total spaces = 2

Total pronounceable characters =11-2=9
Total words =2

N =+ W+

OO =9 + o] +9

YI=Y+oT+3

The Non Standard Words (NSW) need to be normalized.
Non Standard Words include abbreviations, acronyms,
currency, dates, numbers (year, time, ordinal, cardinal,
floating point). These Non Standard Words needs to be
converted to standard words or syllables.

Example of Non Standard Words (NSW):
Example of currency: $000/- = I3 G GIp

Example of date: :3-8-20%8 = IR 51K §R RIS
i

Example of number: $ = g, R = %%, © =foF, 8 = BI¥,

52 & = %15, W=9Y, 4 =S, b = |G, » = N, 0 = BJ



Example of time: $2:80 = JICIIGT Gie™

There are several conjuncts in Bangla language. Some of
them are shown below:

Bangla Conjuncts ( 1=l §@°El°f):[3.2]
® =P + P, Example- AT+, (G

F=F+0; Example- UL (Comment: Basically
used in English/foreign debt words)

§ =F + 0 + T, Example- FY
@& =P +9; Example- I

3.2 Phonetic Analysis

The method of finding pronunciation of input text is
analyzed in this level. In our TTS system, we have used the
following techniques for phonetic analysis:

3.2.1. Phoneme based technigue for phonetic analysis: At
first, we used the phonemes of Bangla language in our
system. We have recorded the phonemes and implemented
in our system by grapheme to phoneme conversion to
generate speech output, but the result was not satisfactory.
Let us give an example of the technique:

The Bangla word "COTNIF" will be pronounced as
following, if the phonemes are used only:

(O =9+8+ Y +IAT+ Y
which is: /t/ + Jo/ + /m/ + [a/ + [y/

This pronunciation is not good enough to understand.
So, we decided to think in another direction. Then we
found that if we can use the syllables, the output will
be more satisfactory. So, then we started working
with the syllables.

3.2.2. Syllable based technique for phonetic analysis:

We started recording the syllables and implemented them
in our system by searching longest possible match with the
syllables from the beginning of the words. But, later on we
observed that longest possible match is not the best option
always. So, we started analyzing the syllables and
implemented them after finding and sorting them in the
order which suits the best combination for pronunciation.
To illustrate the syllable analyzing process, let us take a
sample text and analyze it to find the best combination of
syllable for pronunciation :

Sample Bangla Text: COTNT] - COTNITHS - COTNLT

Here, the word "COTNI]" can be a good example for
analyzing Bangla text. If we select "COTNI" as a syllable
and "J" as another syllable as we have searched for the

53

longest possible match from the beginning of the input text
first, the word "COTNTL" will be pronounced as following:

(OTT +

This pronunciation is not good enough for "COTNI" but
this "CSTNT" will be good for pronunciation of "COTNTCHI"

If we select "COTN" as a syllable and "=19" as another
syllable, the word "COTNTS" will be pronounced as:

C\olﬂ\+(§n§1\'

This pronunciation is also not good for "(OTNIS" but this
"CorN" will be good for pronunciation of "CSTNHT" .

If we select "(OI" as a syllable and "NTI<" as another
syllable, the word "COTNTS" will be pronounced as:

(ST + W]

This pronunciation is good for "COTNIF" and this "(or"
will be also good for "(OTNITHI".

So, (O + VIJ is the best combination to make
pronounceable "COTNIF".

Thus, the analysis process is done for "(OINI] - (OTNITH
- (o1,

3) Syllable and Phoneme based technique for phonetic

analysis: While working with the syllables, we have come
to know that there are more than 200000 syllables in Banga
language. The more syllables we can used, the more the
performance will increase. But, it was not possible to work
with almost 250000 thousand syllables. So, we used the
most common three thousand syllables and phonemes
together according to our requirement.
First, the system will search for longest possible match of
the syllables. If there is no such syllable found, then it will
search for the phonemes to match with the corresponding
graphemes. We observed that the performance was getting
better.

Let us take the following example to illustrate the syllable
+ phoneme technique:

Suppose we have the syllables "CoT1", "NTg", and "(Wg" in
our voice database as we have seen in the previous
technique that this is the best combination of syllables to
pronounce "COTNT" and "COTNTCHS". And suppose, we do
not have the syllable "C®TY", but we have "(oT" and "<1"
in our database.

Yet the word "(OTNKT" can be pronounced as the following
as we have used the phonemes with the syllables:

(Ol = (O + Y + {11 So, in this technique, we need all
the phonemes and the basic common syllables of a
language to develop its TTS system. By this technique, we
can cover the whole language in our system with better
pronunciation.



3.3 Prosodic Analysis

Same phoneme or syllable may have different
pronunciations depending on its prior and post characters
or even its position in the word. The pronunciations will be
according to the grammatical and pronunciation rules of
Bangla language. To apply those rules, prosodic analysis is
required. This prosodic analysis process is discussed below
using examples.

Let us take a look at the following simplest Bangla
pronunciation rules to understand the prosodic analysis
process:

Bangla Pronunciation Rule #1 (a):*

# If a consonant letter appears in the beginning of a Bangla
word and if the post character of this consonant is a
consonant letter, the first consonant will be pronounced
asth:

Phoneme of the consonant + """

Bangla Pronunciation Rule #1 (b):*

# And if a consonant letter appears in the beginning of a
word and if the post character of this consonant is a vowel,
then the consonant will be pronounced as:

Phoneme of the consonant + """
For example, let us take the consonant 0eO.

The word "I<" has got first character "J" and its post
character is "$" which is a consonant. So, according
to Bangla pronunciation rule #1 (a), the word "J<®"
will be pronounced as:

IP=F+A+P

In the word “33", the first character is also "<" but its
post character is "2" which is a vowel. So, according
to Bangla pronunciation rule #1 (b), the word "J2"
will be pronounced as:

R=J+8+%

Similarly, in the word "<<1", the first character is ""
and its post character is "<1" which is a consonant. So,
according to Bangla pronunciation rule #1 (a), the
word "JeT" will be pronounced as:qe1 = J + & + ]

And in the word "3&", the first character is also "I"
but its post character is "&" which is a vowel. So,
accordin T&% to Bangla pronunciation rule #1 (b), the
word ' will be pronounced as:

TW=J+38+8
In the same way,
AN =Y+ + but,
PU=F+H+ Y but,

VR=N+8+3%
PR=F+8+2]

3.4  Waveform Synthesis
The waveform is synthesized step by step. The steps are
given in Fig. 2.

1) Record Sound: The sound is first recorded for
corresponding phonemes and syllables. Fig. 3 shows

recorded sound wave with noise. The recording should be
in a sound proof place, otherwise there will be so much
noise and interference in the recording, which cannot be
reduced.

2) Convert Sound to Wave Signal: After recording
the sounds, they are converted to wave signals. The wave
signal of a recorded sound is shown below.

Record Sound

l

Convert Sound to Wave Signal

|

Noise Reduction

l

Generate New Wave Signal

Convert Wave Signal to Sound

Fig. 2. Waveform Synthesis

111 l]l “ﬂ il HJ d“l“lJ ”l Il “J “ Il Ihlb[ LAl At
G

I
Fig. 3. Wave Signal of a Recorded Sound (with noise)

3) Noise Reduction: The noise in the wave signal is
cut down to reduce the noise of the sound. The noise of the
above wave signal is cut down to reduce the noise of the
sound.

4)  Wave signal by reducing the noise: After reducing
the noise from the wave signal, new wave signal is
generated and is shown in Fig. 4. The new noise free wave
signal of the above wave signal is shown below.

i hlh AR R
i ?H%l”!““‘ r’rqlr” “” Tk

Fig. 4. Wave Signal after Noise Reduction

5) Convert Wave Signal to Sound: After generating
the new noise free wave signal, the signal is converted to
sound. This sound is the required noise free sound which
can be used to generate speech output of a given text.
Concatenate Sound Units to Generate Output: The noise
free sound units are concatenated by the application
according to the given input text to generate the desired
speech output.




4.

4.1  Corpus

We have prepared the voice database by renaming the
audio files by their corresponding syllable or phoneme
names by which we can search easily to find and
concatenate them to generate the desired speech output. O

EXPERIMENTS

4.2 Experimental Setup

The application has two methods to take input text. User
can write on the given textbox or can open a text file to be
read. Texts in the above picture are inputted by opening a
text file tested for experiment. The output was good enough
to be understood.

5. EXPERIMENTAL RESULT ANALYSIS

As we worked with the phonemes first, then the syllables,
we got different results for phonemes and syllables. The
result of the experiments with phonemes and syllables are
shown below with a sample text. Suppose, the database has
the following phonemes:

2,8, W, q % 4
and the following syllables:
(I, W<, W, (WS, (OTY

So, with these phonemes and syllables the result with the
sample text will be shown in Table 1.

As we told earlier that Bangla language has huge number
of syllables, so we could not include them all in our system,
but we found a way- that is use all phonemes and most
common syllables together. Now, suppose our database
does not have the syllable "ceor", but has all the phonemes.
So the result will be shown in Table 2. So the result of the
different phonetic analysis technique can be compared and
shown in Table 3.

TABLE |. EXPERIM ENTAL RESU LTS FOR PHONEMES AND SYLLABLES

Sample text: "TS[NR - TOMITWF - TO[HI"

Pronunciation [ORE ORI [ORE]
Using Syllables | ToI+%" | O +q+0@ | ToM+3d
Using Syllables | T®l + 34 TOl+ 3+ Ma | T8+ 3+

+ Phonemes

TABLE II. EXPERIM ENTAL RESU LTS FOR PHONEME + SYLLABLES
Sample text: "TSNI - TSR - TOMEI"
Pronunciation [CIRIE (ORI (R (AOBE|
Using QA+G+q | Q+A+6+0 | QA+6+9
Phonemes +790 + Nt+d+9 +
Using Syllables | T+ | T8+ + (W4 o + 4

TABLE I1l. COM PARISON O F DIFFERENT TECHNIQU ES USIN G
PHONETIC ANALYSIS

Using Pronunciation Coverage of input
text

Phonemes only | Cannot be understood | Covers All input
properly text

Syllables only Good enough to be Do not cover all

understood input text

Syllables + Good enough to be Covers All input

Phonemes understood text
6. CONCLUSION
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This paper has showed a technique for Bangla text to
speech and concludes the following:

i) This research was done from the very raw level,
starting from using our own voice recordings to create
phonemes and syllables. ii) More than 3000 syllables
and phonemes were used during the development
process. iii) Syllable based method showed high
quality speech than the phoneme based method

In near future the author would like to do synthesis by
covering the whole Bangla grammar and doing text
normalization for larger context. The author would also
work on conjuncts and more syllables in future. Besides,
the experiments for the existing system to compare with our
proposed method are not presented here. The author would
like to these experiments for the future study.
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