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ABSTRACT

Speech basednterface can play a vital role for the successful implemdioa of
computerized systems fanasses. As a tool for this purpose, effort has bmade for the
development of &ext-To-Speech (TTS) synthesis system for Punjabiguagewritten in
Gurmukhi €ript. Concatenative method has been used to dpvehls TTS system
Syllables have been reported as good choice ofddpaait for speech databases of man
languages. Since Punjabi is a syllabic languagey#iables has been selected as the bas
speeb unit for this TTS system, which preserves withinit co-articulation effects.
System involves development of algorithms for qpr&cessing, schwa deletion anc
syllabification of the input Punjabi texas well as speech database for Punjabi. A sylal
based Punjabi speech database has been develbpedtores articulations of syllable
sounds at starting, middle and end positions ofwied for producing natural sounding
synthesized speech.
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1 Introduction

Text-To-Speeb (TTS) synthesis system hastensiverange of applications in everyday
life. In order to make the computerized systems eniateractive and helpful to the users
especially physically and visibly impaired andt#liate masses, the TTS synthesis syster
are in great demand for the Indian taragesConcatenative speech synthesis techniqt
has been used for the development of this sysfemmjabi is a syllabic languad&ingh,
2002) sosyllables has been selected as the basic speeth amd output waveform is
generated by concatenating thsyllable sounds which preserves within unit eo
articulation effects(Raghavendra, Desai, Yegnanarayana, Black, & Pratdalk008;
Narayana & Ramakrishnan, 2007Syllable sounds in different contexts have bee
markedin prerecorded sound fileand storedin the speech databadge get natural
sounding synthesized speech.

1.1 Research background

1.1.1 Punjabilanguage

Punjabi is an IndéAryan language spoken by more thaondredmillion people those
are inhabitants of the historical Punjab regionrforth westerrindia and Pakistan) and
in theDiasporagarticularly Britain, Canada, North America, Eastida and Australia. It
is written from left to right usingsurmukhi (an abugida derived from thepda script
and ultimately descended from Brahmi script) aslwesl Shahmukhi (a version of the
Arabic script) scriptsThis TTS system for Punjabi language has been deeel for
Gurmukhi script. In Gurmukhi script, which followshe ‘©ne soundone symbol”
principle, the Punjabi language has thirty eight comants, ten nomasal vowels and
same numbers of nasal vowels (see Figu(&itigh & Lehal, 2010)

AHJd SHJI WS
ged8& <53 TET
I TS YT IHIH
HWIdB<TIF HHIASEH

Consonants

T@degtwowr® @86 Nonnasal Vowels
BEE At €66 Nasal Vowels

FIGURE 1-Punjabiconsonants andowels

1.1.2 Punjabi syllables

Defining syllable in a language Bcomplex task. There are many theories available
phonetics and phonology to defirsgllable. In phonetics, the syllables are definexdd

upon the articulation{Krakow, 1999. However in phonological approach, the syllable
are defined by the different sequences of the phoee So, combination of phoneme:
gives rise to next higher unit called syllable. ther, combination of syllables produce:
larger units like morphemes amebrds. So, syllable is a unit of sound which isger than

phoneme and smaller than word. In every languagaain sequences of phonemes an
hence syllables are recognized. Using these phomsetjuences and hence structures, i
possible syllables cabe formed those have been discovered so far inean@nd recent
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literary works. In addition, all theoretically paske syllables can be composed that ma
or may not yet be used in a language, but validhia sense that these follow renderin
rules forthe language apresent(Joshi, Shoff, & Mudur, 2003). Ayllable must have a
vowel, without vowel, syllablecannot exist. In Punjabi seven types of syllables ar
recognized(Singh, 2002)- V, VC, CV, VCC, CVC, CVCC and CCVC (where V and (
represents voweand consonant respectively), which combine inntto produce words.
The occurrence of syllables of last type CCVC isyvaare, and has not been considered |
the present work.

Punjabi language has thirty eight consonants, temmasal vowels and sanmumbers of
nasal vowels; so, the above said seven syllablegypsults 11,27,090 syllables in Punjat
with non-nasal vowels and the same number of syllables widlsal vowels and thus
giving total of 22,54,180 syllables in Punjabi.

1.1.3 Schwadeletion in Punjabi language

Schwa is a miecentral vowel that occurs in unstressed syllabdsonetically, it is a very
shortneutral vowel sound, and like all vowels, its psecguality varies @pending on its
adjacent consonants Each consonant in Punjabi (written in Gurmukhirigg is

associated with one of the vowels. Other vowelgepx schwa ¢ the third character of

Punjabi alphabet and written a$a] in International Phonetic Alphabet (IPA)
transcriptior), are overtly written diacritically or nediacritically around the consonant;
however schwa vowel is not explicitly representedoirthography. The orthographical
representation of any language does not provide iamglicit information about its
pronuncation and is mostly ambiguous and indeterminatehwiéspect to its exact
pronunciation. The problem in many of the languagemainly due to the existence of
schwa vowel that is sometimes pronounced and somestinot, depending upon certair
morphologicalfactors. In order to determine the proper pronuticia of words, it is
necessary to identify which schwas are to be ddlatred which are to be retainefichwa
deletionis a phonological phenomenon where schwa is absetiie pronunciation of a
particular word, although ideally it should have been pronced (Choudhury, Basu, &
Sarkar, 2003 The process of schwa deletion is one of the compled important issue
for graphemeto-phoneme conversion, which in turn is required foe development of a
high quality textto-speech (TTS) synthesizer. In order to produce redtamd intelligible
speech, the orthographic representation of inpwe ttabe augmented with additiona
morphological and phonological information in ordercorrectly specify the contéexin
which schwa vowel is to be deleted or retaiifdarasimhan, Sproat, & Kiraz, 2004).

Mostly phonological schwa deletion rules have been progaseliterature for Indian
languages. These rules take into account morphiertegnal as well as across mdrgme
boundary information to explain thghenomenonNarayana & Ramakrishnan, 2007
Themorphological analyis can improve the accuracy s¢hwa deletion algorithm which
is adiachronic and sociolinguistic phenomen@ingh, 2002; Singh & Lehal, 2010The
syllable structure and stress assignment in cortjpnawith morphological analysis can
also be used to predict the presence and absersmhoi(Tyson& Nagar, 2009).

Vowels, except schwa #f), are represented diacritically when these commalwith

consonants (known as half vowels), otherwise ashsuhe consonant sound varies
according to the vowel attached to consonant. kangle, consonantd] conjoined with
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vowel [&] (having diacritic <1) results a single orthographic unitd*, having
pronunciation of a consonawbwel sequenced+&/ (/si/) however when this consonan’
comes with vowel'fr] the resulting single unit{] will be pronounced asA+»/ (/sa/).

Consonants represented in orthography without dtgched diacritic, basically havthe
associated inherent schwa vowel that is not represskdiacritically.While pronouncing
any written word, the speaker retains the intervenicvea vowel associated with a
consonant where required and eliminate it from prociation where iis notrequired.
In Punjabi,inherent schwa fédwing the last consonant eford is elided. For example,
Punjabi word #i3a” ([sedaka] means road) pronounced &sA™M I\ (\sa d K\) is

represented orthographically with only the consanemaractersH], [3] and [&]. Schwa
following the last consonan®] is deleted as per rule said aboaaddeletion of schwa

following the second consonant][ makes the word monosyllabic of type CVCC
(ConsonantschwaConsonant-Consonant).

2 Implementation

The working of this Punjai TTS system can be divided into two modul®$fline Process
and Online Proces3hese two subparts are discussed in the followirzssctions.

2.1 Offline process

Offline process of this TTS system involvedievelopment of the Punjabi speech databas
In order to minimize the size of speech databaertehas been made to select a minime
set of syllables covering almost whole Punjabi weet. To accomplish this all Punjabi
syllables have been statisticalgnalyzed on the Punjabi corpus having more th¢
hundredmillion words. Interesting and very important retsuhave been obtaidefrom
this analysis those helpetb select a relatively smaller syllable set (abdiust ten
thousand syllables (0.86% of total syllables)) obsh frequently occurring syllables
having cumulative frequency of occurrence less th81%, out of 1156740 total
available syllablegSingh & Lehal, 2010) An algorithm has been developed based on t
set covering problem for selgieg the minimum number of sentencesntaining above
selected syllables for recording of sound file ihigh syllable positions are marked. The
developed Punjabi speech dhése is havingtarting and end positions of the selecte
syllablesoundslabeled cartully in pre-recordedsound file As thepronunciation of a
syllable varies dependingn its position (starting, middle or end) in thendpso separate
entries for these three positions has been madieerdatabase for each syllable.order
to increasethe naturalness of the system a good number of rfreguently occurring
words of corpus have been stored in the databasadas

2.2 Online process

Online processis responsible for pr@rocessing of the input text, schwa deletior
syllabification and the searching the syllables ispeech databas&irst module,Pre-
processingnvolvesexpansion of abbreviationaumeric figuresand special symbolstc
present in the input texo the full word form so that these should be spokemrrectly

Second moduleSchwa [2letion is an important step for the development of a hic
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quality TextTo-Speech synthesis system. During utterance of waoradfs every schwa
following a consonant is pronouncelor proper pronunciation of word, schwagich
arenotto beutteredhave to be identifiedh the orthographic form of word for deletioA
rule based schwa deletion algorithm has been dpeelofor PunjahiThese rules are
based on mainly three parameters: grammatical cairgs, inflectional rules and
morphotactics of Pmjabilanguage which play important role for identification oflswa
to be deleted for correct pronunciation of inputrdioFor example, th vowelconsonant
pattern forPunjabi word #3=” ([marada] means man) is CCC. Grammatically, ther

must be schwa voel following each consonant in Punjabi but the wengronunciation
specifies the existence of schy@] /™ sound after the first consonant only. So, schw

following the first consonantH] will be retained, however schwa vowels followingeth
second §] and third E] consonants will be deleted. The accuracy of dewvedopchwa
deletion algorithm is about 98.27@6ingh & Lehal, 2011)

Third module,Syllabification of thewords of input texis a challenging taskA universal
tendency for syllables to have onsets has long é@med in phonological theory. This
preference is built into rule based approachesytlalsification formulated, for example,
as the onset first principle (Kahn) or the coreladffication principle (Clements)
(Chiosain, Welby & Espesser, 2012).rule based syllabification algorithm has bee
developed, which syllabifies the input word into ethcorresponding syllables.
Syllabification rules are mostly language specificor syllabification the phonotactic
constraints of Punjabi havieeen followed. So, rules have been devised basedhen
position of vowels and cowmsants in a word, to segmeimput word into correspasing
syllables. For example, table 1 below shay#abification of some wals; where C, V and
n stands for consonant, vowel and nasal respegtivel

Input CV pattern of Output of CV pattern of word
word input word Syllabification syllables

(after Schwa module

deletion)
e VWV nr fo oo vV VYV
[SSIGE] VnCCvnC i 33 VnC CvnC
LUGES CSCvCvC H W A CS Cv CvC
I CSCCvwVC g3 T g CSC Cv VC
EGREE] CvCCvCC EGISES CvC CvCC
I CvCCvCvnC 9 & He CvC Cv CvnC

35 Cv CvC CvC

UfarAz3s CvCvCCvC u fIn
wigeght | VCvCvCvVn w fg g o9t o V Cv Cv Cv Vn
fefenrggt | CvCvWCCwWn fe fe wg & o |Cv Cv VC Cv Vn

TABLE 1- Output of the syllabification module

The developed syllabification module has been tste about first 10,000 most
frequently used words of Punjabi, selected from anjBbi corpus having about
1,04,42,574total words and 2,32,565 unique words. It has been fothed accuracy of
the syllabifcation module is about 97.89%.

Syllablesof input textarefirst searched in thRunjabispeechdatabase for correspondinc
syllablesound msitions in recordedsound file and then these syllable sounds ar:
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concatenated\Normalizationof the synthesized Punjabi souisddone in order to remove
discontinuities at the concatenation points and deeproducing smooth andatural
sound.Synchronous@verLapAdd (SOLA) method is used tachieve a shorter or longer
playback time than originavaveform.A good quality sound is being produced by this
TTS system for Punjabilanguage.

Conclusions

A fairly good quality Punjabi TexTo-Speech synthesis system has been developed
Punjabi. During the development of this TTS systdimhas beenobsewed that for a
concatenatie speech synthesis system, thportant features that must be taken care
are: ®lection of basic speech unit fooncatenation, statistical analysis of selectecespe
units on corpus, corpus must lcarefully selected andnbiased and markng of the
speech unitsn recorded sound fileThe last one is most important anguality of the
output peech depends, how carefupeech units arenarked in recorded sound file.
Correct schwa detion is very important fornatural ppnunciation of the output
synthesized speh. Schwa basically controbrticulation of the sound wave and hence
pronunciation. Syllabification process is languagecific and involves grammatical rules
of thelanguageas well as knowledge of how local iahitants syllabify avord during its
utterance in a natural wagyllabification with good accuracy jgroviding a strong base
for high quality oftheoutput synthesized speech.
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