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ABSTRACT 
 In this paper, we present the concatenative text-to-speech 
system and discuss the issues relevant to the development of 
a Marathi speech synthesizer using different choice of units: 
words, phonemes as a database.  Quality of the synthesizer 
with different unit size indicates that the word synthesizer 
performs better than the phoneme synthesizer.  The most 
important qualities of a speech synthesis system are 
naturalness and intelligibility. We synthesize the Marathi 
text and perform the subjective evaluations of the 
synthesized speech. As a result,(1) 81% of speech 
synthesized by the proposed method was preferred to that 
by the conventional method, (2) The error rate of TTS 
synthesizer is around 8.22%, (3)Speech synthesis runtime 
was reduced for proposed method.  The results show the 
effectiveness of the proposed method. 
Keywords: Speech synthesis, concatenation, unit size, 
syllabification. 

  
     1. INTRODUCTION 
Speech is one of the most vital forms of communication in 
everyday life. On the contrary the dependence of human 
computer interaction on written text and images makes the 
use of computers impossible for visually and physically 
impaired and illiterate masses. Automatic speech 
generation from natural language sentences can overcome 
these obstacles. In the present era of human computer 
interaction, the educationally under privileged and the 
rural communities of any country are being deprived of 
technologies that pervade the growing interconnected web 
of computers and communications. 
 
      II. SPEECH SYNTHESIS SYSTEM 
A Text-to-Speech (TTS) Synthesizer is a computer based 
system that should be able to read any text aloud, whether 
it was introduced in the computer by an operator or 
scanned and submitted to an Optical Character 
Recognition (OCR) system. The objective of a text to 
speech system is to convert an arbitrary given text into a 
spoken waveform. Main components of text to speech 
system are: Text processing and Speech generation. 
 
   A.SCRIPTS OF INDIAN LANGUAGES 
The basic units of the writing system in Indian languages 
are Aksharas, which are an orthographic representation of 
speech sounds. An Akshara in Indian language scripts is 
close to a syllable and can be typically of the following 
form: C, V, CV, CCV, VC and CVC where C is a 
Consonant and V is a vowel  
    
   B. FORMAT OF INPUT TEXT 
The scripts of Indian language are stored in digital 
computers in ISCII, UNICODE and in transliteration 

scheme of various fonts. The input text could be available 
in any of these formats could be conveniently separated 
from the synthesis engine. An Indian language have a 
common phonetic base, the engines could be built for one 
transliteration scheme that can represent the script of all 
Indian language. 
 
    C. MAPPING OF NON-STANDARD WORDS   
         TO STANDARD WORDS 

In practice, an input text such as news article consists of 
standard words and non-standard words such as initials, 
digits, symbols and abbreviations. Mapping of non-
standard words to a set of standard words depends on the 
context, and it is a non-trivial problem.   
             D STANDARD WORDS TO PHONEME 
SEQUENCE  
Generation of sequence of phoneme units for a given 
standard word is referred to as letter to sound rules. The 
complexity of these rules and their derivation depends on 
the nature of the language. 

         E.SPEECH GENERATION COMPONENT  
  Given the sequence of phonemes, the objective of the 
speech generation component is to synthesize the acoustic 
wave form. Speech generation has been attempted by 
concatenating the recorded speech segments. Current state-
of-art speech synthesis generates natural sounding speech 
by using large number of speech units. Storage of large 
number of units and their retrieval in real time is feasible 
due to availability of cheap memory and computation 
power. The approach of using an inventory of speech units 
is referred to as unit selection approach. It can also be 
referred to as data-driven approach or example based 
approach for speech synthesis. The issues related to the 
unit selection speech synthesis system are: 1) Choice of 
unit size, 2) Generation of speech database, 3) Criteria for 
selection of a unit.  

         F.CHOICE OF UNIT SIZE 
An inventory of larger size of units such as sentences, 
phrases and words could constitute an ideal speech 
database for speech generation. However, if the size of the 
units is large, the coverage of all possible words, phrases, 
proper nouns, and other foreign words may not be ensured.  
     G.GENERATION OF UNIT SELECTION DATABASES          
There are two issues concerning the generation of unit 
selection databases. They are: 1) Selection of utterances 
which has the coverage of all possible units, 2) Recording 
of these utterances by a good voice talent.  
    III. CONCATENATIVE SYNTHESIS 
In this approach synthesis is done by using natural speech. 
This methodology has the advantage in its simplicity, i.e. 
there is no mathematical model involved. Speech is 
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produced out of natural, human speech. Concatenative 
synthesis is based on the concatenation (or stringing 
together) of segments of recorded speech. Generally, 
concatenative synthesis produces the most natural-
sounding synthesized speech. There are three main sub-
types of concatenative synthesis: Unit selection synthesis, 
Diphone synthesis, Domain-specific synthesis. 
A. UNIT SELECTION SYNTHESIS 
Unit selection synthesis uses large databases recorded 
speech. During database creation, each recorded utterance 
is segmented into some or all of the following: individual 
phones, syllables, morphemes, words, phrases, and 
sentences. Typically, the division into segments is done 
using a specially modified speech recognizer set to a 
"forced alignment" mode with some manual correction 
afterward, using visual representations such as the 
waveform and spectrogram. An index of the units in the 
speech database is then created based on the segmentation 
and acoustic parameters like the fundamental frequency 
(pitch), duration, position in the syllable, and neighbouring 
phones. Unit selection provides the greatest naturalness, 
because it applies only small amounts of digital signal 
processing (DSP) to the recorded speech.  
B.INVENTORY DESIGN 
In concatenative speech synthesis approach, speech is 
generated by concatenating real or coded speech segments. 
A recent trend in concatenative synthesis approach is to 
use large databases of phonetically and prosodically varied 
speech, thereby minimizing the degradation caused by 
pitch and time scale modifications to match the target 
specification and to minimize the concatenation 
discontinuities at segment boundaries. 
 IV.SPEECH SYNTHESIS PROCESS 
The text input is either non-standard words or standard 
words. If the input text is a number then it is handled by a 
digit processor. If input text is word then it searched in the 
word database. If the word does not exist in the database 
then it is cut into syllables and syllables are searched in 
the syllable database. If the corresponding syllable does 
not exist in the database then word is formed by 
concatenating phonemes in the phoneme database and 
played.(Fig.1)  

 
Fig 1. Block diagram of speech synthesis system. 
A.DATA BASE CREATIONAND SEARCHING 

Two databases will be maintained viz. audio database that 
stores the audio files and textual database that stores the 
text files corresponding to audio files in the audio 
database. The textual database is required to search the 
index of the required word in the audio database.  

            
        Fig.2  Vowels & consonants in Marathi Language. 

 For example the syllables present in the word      
 are: =   +  

          
Fig 3   CV structure of a word 

When the word does not exist then it is synthesized from 
syllables. The consonant vowel structure (CV) breaking of 
the word is performed.  
Rules for words without joint alphabets 
CV structure                               CV Break  
CVCVCVC                               CV+CV+CVC 
CV structures are split according to rules derived 
empirically based on the structure of Marathi language. 
Normally there is one vowel in each syllable. 
B.CUTTING OF THE SYLLABLES 
While forming the new word that is not present in the 
database, we will cut that word into syllables, then search 
the syllables into the database & concatenate them. Thus 
we have to cut the pre recorded words present in the 
database file into the syllables and select the particular 
syllable to form the new word. Cutting of the word into the 
syllables must be very accurate. 
 V.PERFORMANCE EVALUATION 
 Listener’s preference to words and phonemes  
A set of words in the form of directly recorded and ones 
formed by concatenating of phonemes were played to 5 
subjects. A typical multimedia PC with desktop speakers 
was used to play these utterances to five native male 
speakers of Marathi in calm laboratory environment. The 
test subjects were around 20 to 25 years of age, and they 
did not have any prior experience in speech synthesis 
experiments. The results are shown in the table1. Each row 
in this table indicates the evaluation results of a layman 
listener. Result in the table indicates the listener prefers in 
favour of words utterance than in the favour of phones. 

  Subject  Preference of 
words  

Preference of 
phonemes  

1  8  5  
2  7  4  
3  9  6  
4  7  3  
5  9  5  
     Table 1: Listener preference  

Users prefer a word output rather than the one played by 
concatenating phonemes. This shows that word synthesis 
is better than phoneme synthesis. Speech synthesis runtime 
was reduced with word synthesis compared to phonemes 
synthesis. Naturalness in speech output is more in word 
synthesis compared to phonemes synthesis.  
Naturalness in speech output in terms of error  
The sentence was displayed and the subject was asked to 
select the words which were not sounding natural (NSN) 
to him/her. Here the subject was asked to listen to the 
synthesized speech any number of times. The number of 
NSN words found by him/her is displayed in the Table 2 
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Table 2:  Naturalness in terms of error 

Subject No. of sentences &  

words 

No. of  NSN 

    words 

% Error 

S1 20 and 446 42       9.4 

S2 20 and 446 35 7.84 

S3 20 and 446 36 8.07 

S4 20 and 446 38 8.52 

S5 20 and 446 34 7.62 

S6 20 and 446 28 6.27 

S7 20 and 446 37 8.29 

S8 20 and 446 43 9.64 

S9 20 and 446 41 9.19 

S10 20 and 446 33 7.39 

 Overal  367/4460 8.22 

The error rate of TTS synthesizer is around 8.22%.  
The unit selection database does require additional 
phonetic coverage for nouns and words which could occur 
more frequently. The studies also highlight need for good 
text processing component for Indian language 
synthesizers.  
Paired Comparison Test  
In order to evaluate the performance, the speech samples 
synthesized by the proposed method were compared with 
those made by the conventional method using phonemes 
as a database. The input Marathi texts for the conventional 
method are the same sentences as those for the proposed 
method.  
The listeners were five males and three females without 
any known hearing problems. The speech samples were 
presented through loud-speakers in a sound-proof room. 
The listeners were asked to listen to the speech samples 
only once because the mean length of one sentence was 
very long (about ten seconds). The listeners were asked to 
judge which of the two samples of the same target 
sentence they considered to be more natural. They were 
not allowed to judge both samples of the pair equally 
good. Each speech sample of a pair was arranged in 
random order, and the order of the sentence pairs was 
randomized, too. The listeners took a rest intermittently.  
The result of the paired comparison test is presented in 
table 3 

Experimental Results  
81% of synthesized speech by proposed method 

was evaluated as more natural speech than synthesized 
speech by the conventional method. Speech synthesis 
runtime was reduced  
  VI. CONCLUSION  

In this paper, we discussed the issues relevant to the 
development of unit selection speech systems for Marathi 
language. It was observed that when the coverage of units 
is small, the synthesizer is likely to produce a low quality 
speech. As the coverage of units increases, it increases the 
quality of the synthesizer.  

Table 3:  Results of a paired comparison test  

We conducted subjective tests to evaluate the performance 
of speech synthesizer. From the perceptual results, it was 
observed that the word unit performs better than the 
phoneme units, and seems to be a better representation for 
languages such as Marathi.  
In order to achieve greatest naturalness, the areas that need 
more attention are text analysis, prosody and creation of 
big speech database for concatenation synthesis.  
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Listeners 

Preference score (Naturalness) [%] 

Proposed 

Method 

Conventional 

Method 

Male A 83 17 

Male B 79 21 

Male C 86 14 

Male D 78 22 

Male E 77 23 

Female F 84 16 

Female G 76 24 

Female H 85 15 

Total 81 19 
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