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LB G(HSH S (Abstract)

Development of text to speech and speech recognition technology in Tamil shall make
interaction with the computing devices directly in Tamil eminently possible for the common
man, even if he is not technically savvy. This will make equal access to knowledge for every
Tamil citizen. While viable text to speech (TTS) technology in Tamil has already been
developed by us based on unit selection synthesis, there is hardly any research or
development work going on in large vocabulary automated speech recognition (ASR) in
Tamil. The conventional speech recognition paradigms that have been used for the
European languages is ill suited for Tamil, since Tamil is a morphologically very rich
language. The only speech recognition technology that currently is reasonably successful
that is also used in commercial ASR systems for European languages makes use of a huge
vocabulary and is essentially a transcription system that finds the sequence of words from
the fixed vocabulary that best matches the input speech signal. This model cannot be
directly used for most of the Dravidian languages such as Tamil, since these languages
possess an exponentially growing lexicon. While the current commercial English ASRs
employ a lexicon of about two lakh words, our own work has identified over sixteen lakh
unique words in Tamil and the size is still growing.

This article first gives the design and development details of our Thirukkural TTS system.
Then, it proposes a new, alternate, phoneme recognition based approach to automated
speech recognition that must be explored to develop workable recognition technologies for
Tamil.

Keywords: speech synthesis, text normalization, morphology, Tamil, Dravidian languages,
automated speech recognition, bigram models, domain dependent lexicons, naturalness,
intelligibility, unique words

Thirukkural ($)(5 & @[ 60) Speech Synthesis System - Introduction
We have developed a good text-to-speech (TTS) conversion system for Tamil language [1]

and the web demo is available on the MILE lab website of Indian Institute of Science,
Bangalore [2]. It involves two phases, namely, the offline phase and the online phase [3].



Offline phase includes collection of a phonetically rich synthesis speech database and
segmenting and pitch marking the same. Online phase includes text analysis, waveform
concatenative synthesis after unit selection and signal processing for prosody. The different
methods for synthesizing speech are first reviewed. Then, the offline processes are
explained, followed by the online phase. Subsequently, the implementation details are
discussed and finally, the potential applications.

The techniques employed for synthesizing speech from text may be broadly classified into
three categories:

I. Articulatory synthesis: In the articulatory synthesis approach, each phone is modelled by
a huge number of parameters that describe the relative positions of the articulators in
speech production. From detailed static and dynamic articulatory measurements, the
movement is parameterized and used for the synthesis of speech sounds. Though it is useful
for a study of speech production mechanisms, so far it has not produced a very natural
guality speech [4].

Il. Model-based synthesis: Here, the waveforms are modelled using linear prediction (LP)
coefficients. The linear prediction model is an all-pole model which models vowels
exceptionally well, but fails to model the nasals and silence (stops).

lll. Concatenation-based synthesis: In this approach, segments of natural speech are
concatenated to form the speech output corresponding to the input text. This is more
natural than the above techniques, but the size of the speech database required is fairly
large. In concatenation with waveform modification, speech from arbitrary text can be
synthesized with reasonable quality. These systems have flexibility in selecting the speech
segments to concatenate because the waveforms can be modified to allow for a better
prosody match. This means that the number of sentences with mediocre quality is lower
than the case where no prosody modification is allowed. On the other hand, replacing
natural with synthetic prosody can hurt the overall quality. In addition, the prosody
modification process also degrades the overall quality. Figure 1 shows the block diagram of
our TTS system using concatenation principles, including waveform modification [5].

Database

| . . Consonant -Vowel . .

Synthesized Speech

Fig. 1. Block diagram of the Thirukkural Tamil speech synthesis system.



Offline and online processes

The offline processes of the system include (1) Choosing the basic units (2) Building the
database (3) Detailed study of prosody in natural speech and modelling (4) Consonant -
vowel segmentation (5) Pitch marking. The different online modules that need to be
developed are text normalization, grapheme to phoneme conversion, prosody prediction,
dividing the phonetic text into the basic units, unit selection, concatenation and
modification of pitch, duration and amplitude based on the prosody model.

Choosing the basic units

The fundamental building block of speech is a phoneme. The basic units that can be used for
synthesis are diphones, triphones, demi-syllables, syllables, words, phrases and sentences.
In terms of synthesis quality, sentence is the best choice for basic unit and phoneme is the
worst. However, the size of the database is also an important factor to be considered. In
order to minimize the distortion due to concatenation, we must have fewer concatenations
and thus use long units such as words, phrases or even sentences. However, practically
infinite units must be stored if the basic units are sentences.

Whereas it is all right to have units with prosody slightly different from the desired target,
replacing a unit having a rising pitch with another having a falling pitch will result in an
unnatural sentence. The units must be of a general nature, if conversion of any unrestricted
Tamil text is desired. However, if we choose words or phrases as our units, we cannot
synthesize arbitrary speech from text, because it is almost guaranteed that the text will
contain words not in our inventory. The use of arbitrarily long units results in low
concatenation distortion but our study of a huge Tamil text corpus shows that the number
of unique words in Tamil far exceeds 16 lakh [6]. The longer the speech segments are, the
more of them we need, to be able to synthesize speech from arbitrary text.

Considering the above issues, syllables or demisyllables have been used as basic units. This
may contain phonemes, diphones or triphones. The synthesis database was recorded from a
native Tamil speaker. Recording took place in a noise free room using Shure SM 58
microphone, whose frequency response is 50 - 15,000 Hz, connected to a PC. Carefully
chosen sentences were recorded at a high sampling rate.

Modeling prosody in natural speech

Prosody is a complex weave of physical, phonetic effects that is being employed for
expression. Prosody consists of systematic perception and recovery of the speaker’s
intentions based on pauses, pitch, duration and loudness. Pauses are used to indicate
phrase boundaries and to indicate the end of a sentence or a paragraph. It has been
observed that the silence in speech increases as we go from comma to end of sentence to
end of paragraph. Pitch is the most expressive part of a speech signal.



Need for pitch modification

We try to express our emotion through pitch variation. Constant pitch signal sounds very
unnatural. Figure 2 illustrates how the pitch and amplitude of the signal varies across a
sentence. If a sentence is rendered as a declarative utterance, the amplitude and the pitch
slowly droop down in the last word. When the same sentence is spoken as an interrogative
utterance, both the pitch and the amplitude contour increase last word.

We have proposed two methods to estimate the local pitch values. One method uses the
fact that the discrete cosine transform [DCT] of the speech signal displays prominent
harmonics of the pitch frequency [7]. The second approach uses DCT based spectral
autocorrelation [8]. Pitch marking is essential as the waveforms are concatenated at the
pitch marks. The method employed for pitch marking is based on the integrated linear
prediction residual (ILPR). The dynamic plosion index (DPI) of half-wave rectified ILPR is
computed at the current pitch mark and the next epoch location is identified using the
maximum peak to valley swing in the DPI sequence in the immediate 15 msec interval [9].
Wherever needed, the pitch is modified by a pitch synchronous pitch scaling technique
proposed by us [10]. Here, the signal corresponding to a pitch period is inverse filtered to
obtain the LP residual, whose length is modified by truncation or zero padding of its DCT
sequence. The length modified LP residual is passed through the forward linear prediction
filter to obtain the pitch modified speech.

Duration is the second important factor that affects the naturalness of the synthesized
speech. Same vowel appearing in different positions in a word or a sentence has different
durations. For example, consider the sentence “bT6dl QM LOEWNSHEG 6UF6OMLAM?". In this
sentence, vowel /84/ appears at different positions as shown in Table 1. Similarly, Table 2
shows how the duration of the word “G&6s1mmest” varies widely depending upon its position
in and the length of the sentence.

SILLauem6uor 1: Cl&meLe0leL 61(pdHHl6tT QL HemdLl
QUTMIGHG &ML Sjenelest LOMMMLD.

Q&med Q&meLedleL | 'gy'eNesT &HMEL Sl6re
‘o4 'el6oT @L_LD (HILAlL_L0)
65T bGHeNsd 0.15
<0l (LP&60I6 0.16
eueuILAMm I OIEY 0.15
eugeuman | &HemL_&luTleL 0.18




1.04038
Time (5]

200

M

u] 1.01028
Time (5]

o Pitch (Hz) &=

0.59793:2

Time (=)

200

T~

a 0.897938
Time (5)

Fig. 2. Prosody for naturalness. The first is the affirmative utterance of the sentence “3i6)601
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QmeLoLom eugmest.”; the pitch and the amplitude of the waveform droop down towards the
end of the utterance. The second is the same sentence uttered as a question; here, pitch
and amplitude increase at the end.
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Consonant Vowel Segmentation

It is observed that any change in the consonant part of a signal results in change of
perception of the unit. Consonants must be kept intact. To this end, consonant and the
vowel regions of the units must be segmented. A consonant may or may not be co-
articulated with the preceding or following vowel. Non co-articulated consonant can be
segmented easily using difference of energy in consecutive blocks (frames of short duration)
of the signal. The given speech unit is divided into frames of 10 msec duration each. Energy
of each frame is calculated and the first difference of the energy contour gives two distinct
peaks, one on the positive side and the other, on the negative side. Co-articulated
consonant segmentation is more challenging than the other. Energy contour is almost flat at
the transition from vowel to consonant. We have proposed a method of segmentation of
co-articulated consonants (semi-vowels) from the adjoining vowels using projection into
consonant and vowel subspaces [11], which gives much better segmentation. However, for
better accuracy, we resorted to manual correction. The results of segmentation of a sample
non-co-articulated and co-articulated consonant each are shown in Fig. 3.

Online Process

This involves two important phases: (a) Text analysis (b) Synthesis. Text analysis phase
involves first text normalization, which converts all the abbreviations, numerals and other
symbolic notations into the corresponding Tamil text strings [12]. Then, it converts the input
text into a phoneme sequence by the application of Tamil grapheme to phoneme rules [13]
and then parses it into a sequence of basic units of speech. Synthesis phase involves the
concatenation of the waveforms of these units in the correct sequence using the pitch
continuity metric [14] and synthesis after application of pitch modification [10], if necessary.
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Fig. 3. Top: Segmented and pitch-marked non-coarticulated VCV / {&/. Bottom:

coarticulated VCV /@I.L‘n/, where boundaries cannot be easily detected using energy
differences.

Implementation

We tried to use the Festival speech synthesis framework [15] but after considerable work,
decided that we needed to develop our own framework for text to speech synthesis [5], so
that various research experiments can be carried out easily. So, the system is designed and
developed from scratch using our own algorithms and code, without borrowing any code or
framework from any outside source. It works on Windows and Linux. The output is stored in
wave file format. It takes Unicode text as input and the input can be keyed in using our own
Indic Keyboard IME, which is a open source software that can be downloaded from
code.google.com [16].

Applications of TTS

975 visually challenged members from all over Tamilnadu are regularly getting short
information from Anna Centenary Library in Chennai converted into speech using our web
TTS demo. Thirukkural TTS system has a male voice and can read input text in Unicode
format and synthesize intelligible and acceptably natural Tamil speech [17]. That the quality
of speech is good is proved by the second place in the International Blizzard TTS Challenge



2013 for Indian languages conducted by University of Edinburgh [18]. Attempts are being
made to make it natural [19], add emotions [20. We have also simulated certain
experiments to explore whether the TTS can be ported on to a mobile platform [21]. The
other applications of speech synthesis in Tamil are: (1) Natural language interface for
computers; (2) Self-learning multimedia education packages in Tamil; (3) Automatic
telephone-based enquiry systems in all Government organisations; (4) Audio on-line help in
all Tamil language based IT software; (5) Computer or web based Tamil teaching; (6)
Automatic document reading machines in Tamil for the blind; (7) To synthesize different
types of voices in animation movies; (8) Digital personal assistant (English/Indian language
to Tamil).
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2 _6uuIl$H6L (speech recognition) (LNEMMENLAGHEMN6D QLOML LoMHIMILITISeMeot
(language models) LILIGHTLIML Iq6D 61HMGSMeneniL@GL &lev GMILNLL
QLrur(hesmen  alaundHsHma. Qddemsul  Camdl  nSIMNmigen
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Qi ujin.

SIL_L_ 66 6TTT 4: @\(IH Y, 6115 6TTRIS (61 & Hl6emL_ Gl 2_6T6m GILIIT &) 61T 60T
G6oN&FQF TS 6IT. 6T6LEVIT 6UIFl6TI&F & (61H & (FHLD GILIIT &) 62T 6T
L ETHETLOITE " FLOWILD", 169277 H6wlFQ&FTMDH &6 Q15T 6voT (B 6ITeNT &),

3} 6T& 6D el | QLOM&SGLD | QILIT &) 6T 6T
Qemmser | (Fal(B) | Q&TDHSHET
SlemrUuL Lb 103163 260853 11587
&60)60 222333 345710 45900
ellemerwm_(p | 82384 240884 10777

LI6V 34,6T&6NMHIS 65 GL QUITGleumer &6ufl&Q&mma efleor
6T 6007 6301185 601 5>

SIL_L_6160)6501 5-9),6018)| 1, 611SH6NhIS e &HGL QU g)6umet
HeoNgGammaeletl 6160016081 &HENSH, Y eNSHenhidHen  Cagsd Gay Cleud
allemnpgelled  GMMbHE CaMEIGL  eUHeUmSHSH STLHEHME. &l
H6rN&QEMMHEHLD  €6eUGeUT(L  GIOMSHGLD  LNJHHCWISHLOMEsTem6UGLL
(1601LIMS 2 WINGHGHIHMG. Ud 616060NMHGHIMMBen6ND  CEM1&HG
QLSS ECEMeL eumIHlenit 2 LGITHLILISHEL 6T6uaN 0MULALD B6L6mI6VL
61601LIG) LIGLETTTHIM ).



SlL_L_6uem6vor 5: @\gevor(h, CLP6OTM)|, [HIT6T(S) 6T6TLI
LI6V 34,6115 61T & (61h & (G L1 QUITGHleumenr &6fl&C&mm & 6.
24,615 6NTRI & 6fl60T 6T 6001600116 60 & NSHLOMG, SSHLOMS QUT G &
Q&M &6 (&MMIHG| C1&MeuoTGL. 61 (Ih & 63T M 6o

9}, 6T & 6TLD GG @@mgg’)@m
QETHSHET | QLI &leumenr
Q&M e
FLOIWILD 169277 169277
SeMyLILILLD 103163 11587
5 60760 222333 9960
aNenermL_® 82384 5887
sallms 17065 1854
SiMaNiicd 136931 1705
sevall 23749 1046
FNHEHTLD 241082 1044
yefufwied 17051 711
L_LLb 45738 680
Hm LNm 166283 680
CLD6VTETITSTILD 23116 589
ComHL LD 13194 503
C U EITIT6TIT6DILD 12396 421
Qe1g) 408833 420
QUITETTSTFLD 17873 392
SNl 227952 392
QuomAuwieo 614184 392
ST AL 285040 392

®&CW(HG 2 swarjailuiled QoML Lom&fiirhi& el

m&HCILIRSHG WOMID  AFHALUULL  LU@IOIEL&HMES  60SLLITEHLD
SCIMUNIW QLOMDSELSHHTET  L,6U6MISH  SHEBILMeNS  (LAMHMEMLASHEN
(document recognition  systems) &L MIHEOIVILD, 2 _6ouITLIl6MLLSHEMENSH
SBdgleudHevin LALALIHLD QFTELELSTTEHSHEM6NLI LILIEHTLI(H S &) & 68T M60I.



UL LD 6, SLOL Quomplufen @ addlianet Quicvenud CGeMeundsd
SML(BHMmGI. epeuCleun(m 3 E1&HELOMSHG Cand g\ Gl mevol(H
QgeLmBUTIV, SHesNGGFTMSHeN6T QLM 6T6TITNHMS, HEIL_L MLO6V,
QLoesTGLOYILD euenThdl CaHMENCL @HLLGISTET A& 3 aHCeu, HLAlLD
QLmpimegl, @@ UMILMISHS (LIQUITSH SHeFhgFTeL eUmISHenLL
2 LG iHeumed, Q&mev LOLL L GuisImH (word level lexicon)
Qamemi(e  emp  SH;hdgleud  eletiug Sl QLMN&GE
gMeunng). eihden  pllafed,  elLAleLElL  (Emille) LIgw)I6UEOEON (I HS)
CHMHOSHHGHSHLILLL 2.4 OL_&L0 SN &MTMSH6N CHMewiL. GCLISFTHIUTNe0
BIRI&ET M&HCILI(RSHG 2 cuialenlsd CangHenen G 2 LGIWITHSHS
&MSMIJEUBILOMETT 2000 QUMTHEMSHSHEN6D 1530 QUMTHMHHCe @\(HhSH6dT [26]
6T60TLIG) GMUTNL &8 FCWQRSHGILI (bigram) LIl LOMISENITEL
L (GG e&6L(RSH G| 2 euuiallufled (online handwriting recognition system)
Nenwsenend HdbHS QUIeVILD [27]. SUILIGLUILD LIw GCIMq. 6UMTSHnS &6l
(2= SI6U6TT, SI6UET; 6U(HEUM6H, eU(HEUTET) HEMLH 61(RSHSHI6L oL (HLD
GeumiupLd 61651LUSHMEL, eUMMING FCNRSHGIL Ll LORISHEHL SHEUMT6D
Q&FTMH&HEM6NG Q&MT(H &S GUMLLILILY 2 616G 35,
31HGHMBIL FrLaiblemevilev [bTLO
2_6uIMeIUT6n 61(RSHLILIL_L Q& meLeOIeOI(h b SHM&SGMUI(h & Eh&HS
(symbols) gIiesI(BLUGHSHEL (segmentation) [28] LOMMILD 2_6W11T&H6V (recognition)
LRI LI6weT & 61T 601 §160E0NLIGHEMSHCIL (LOLLIESTM)
21 &5M&& CeucuquN(bHoHHMG [29]. Qhdd &([hHhdGI, eeilaull 61(WHaIM
2_60UIGH6L (OCR) (LAHMEMLASEHS@SLA [30, 31, 32] CILIM(HHGILN.

SLO1LH60L Heromen QA&TMHS6T HHSLD

SLAlheL gpalCleun (@ aMlenerIddmeLISGLI GenMhS LILFLOMS 616T0ILIG)
®_(hU6vflLLIeL SI60LALIL|& 6N (paradigms) o 61611601, o l_(H
allemen&CEMTMHSHEMATILILD  HETISHHED CHTEIILTL @& @etienin Liev
L RSMS 2 Ui(b [22]. &AL o (HUefled LTMMHISET 6T(LQeUMIL,
Lii6oflémev, QEWIL@EQUT (606118 &6v01L_ 161G 601 eLa6LLD
NpHeuwnseilenn S Henwid  SHIL G060  (pronominal  resolution)
Lweru@Loeneyb@  Qum@men  QaMibhde [33]. QHHmaw  Camiey,
QeIh@ Gumeim wMHM SHyrelll  CQurfsefen o u®  [34].
@A&QaMCGeu QEaTmHH([HSHH GuUmetIm (LNEMMEDMLOSHEM6N



2_(H6UMHG6EUMDS SlgeTlanSdH@GHesimest [35]. @eualld 2 (hHLU6sled
QamMleunesigyl, @@ WhHEF QamTHEMILm) QLMAQUILITSHmMSUTIEL
@@ UMMHMBUTNEL QUITILET SH(HLD UMBUNCL eMLAHGI6N6NG| [36].
o (huetiwev LAMMME CQ&MaNsimed HLALL  EUMTHeNG S6M6dT FHME
hern silaons QheHd eumLLIL 2 616g). Qoemend CEmHUILSMBTS
QeueuGeoum) Hen(Lnenen LAl & 601l 6UMIT&6MG & erll6o1 Lyeren
a6UNhIGHEM6NE CaoMHGHMLN. Bemeu SIL_L_6)60) 6001 6-60
Qan(EeasULL(heneer. @Qmi@ Hen elerug SHLlg C&mevedleyleen
2 UNMQLOW  61(RSHGIHH66 6165060 HEMSHCIL . 2 SHMPEUOILATS, "SHe0H"
61601 CI&MeLE0IL CLAGTIMI 6T(WRSHGISSH6N 2 6Tenenr. Y UN6T, (RGO
616301600T166008 QHSHMGLO .
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ULLD 6. SLOIP Qomfluiler Q&nley : LsmIaUedl6L cREUGEUM(H QY 6THETLONSE
Ceis@LLGuTg) (Hev MM ) HeollF Qammaafler o amafsams &G &enLuilerm
QUM &6V. 66UGIUM(H &L 6MEUW|LD LOMHM|CILDIT(H VL FLD LIGH)| 616D
G&y&5LILHLAUT (PG HeoN&sTH&afler euerj&s (Aeuliy HMLD)



SIL_L_6uem6vor 6: QleueuGeum| Hem(perter HLOILD & 6ufl 6uITy & em & 8 6afl 6ot
yerefl edleupgmis e . QILDmS 8 676001600115 601860 6RL_1g, QMG
auflen &l Q&T[H &&LILL () 6ITemer .

61105 G6&H6N | OTES | 61105 GIHG6NT | COTHS
Q& me 6T 6001 60011 & 60) & Q& me 6T 6001 60011 & 60) &
10 135486 5 41230
11 130425 18 30471
9 128475 4 23679
12 122741 19 21826
8 115506 20 14660
13 107806 21 10195
7 90559 3 8465
14 90164 22 6818
15 72450 23 4512
6 64978 24 3035
16 55613 25 1924
17 41860 2 1833

(L1960 LOMHMILD QUIHMHISHTEL Sp U6 LI LIwflg 6l

mU-SITn @GSN VeV 61(WHG &MMhd Lenell  aleupmhisen
QeucuGeum 3, 611 6MMhIS 1 &S d GO 55 Slenaiey
CaumuGHMa T  ceiLmd 2. MMOISHEL  €LA6VD L6  LiWleniml
$HHEULGHMETL  QUMeLNLd. 2 Snewiond,  QLienefeNeurmiden
FhISHSHSHLALL  UTLLSHE@HGWL  belsn  SHOY SIS ELHEGLD
GO 555686 aNGHHL GCoumul L HeNFHMLUNILIEOLSH6m6NS
Qameiug (héHGL. GCein  @evdsem, CFTOHEUTIHeTLL LMMILN
Lj6ooir& & & emen EUEMILLIMILILIG 60T eLa6evLD 2_603111SH6V
QMM SH6MET ClFUILTHBHLN CGYI6UEMLLLIGOMLA.
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2 SHGSHSHLILLL 601. NSNS, BIRIGT  QhIHI  Sg&led
QHMEMELHSHMLIL WOMILD  HH6UL CHTHL HIL LS FlEDDSHEG
sSLemll UL (BenGenmid. GLOeYILD, (LNGH6OT6MLALLITS, 6ThI&6T H([hSHESI]6L
@eflalfl 1(WHGHIMH 2 6MHEL (LNMMeMLAMILIL LILITTILI(RSGILD L6V (HLO
Qan(hdd sl 2 mpsHefledBhCdH Qhdd L (HeDIHSHME Li6nI66L
SWMMNSSHLILLL G). AHMBHMS, 6UTH6N leM6v16U(hHGL 6TMISH6N HedT.
LomItd CUTAMWIT QSHUIUSHSHILD  EUTHEHLD, (LOMESIGUT. UM
QUMRISHISHET Sl6UTSHEDHLD AhdH&H&L (henemi HTThI&HEN 6ULOMRIG LD
pemmuile $rsHemd 2 WMHS YCONEFMESHET  CULDMISGUTITSHEN.
SIS EhHHGL0 6TIG6N HEoTDISHEN LI6V.
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