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Abstract: Text to speech system(TTS) ,which converts text into speech through computer and then output the speech,
is a popular research object in the realm of speech processing in recent yesuscessful TTS outputs speech with

clear timbre and natural fluencyTTS is composed of Text analysis, prosody control and speech synthesis modules.
Text analysis module is in the front end, which gives the linguistics and phonetics text detailed information for the
speech synthesis. This paper, based on the Tibetan written, pronunciation characteristics and pronunciation mecha-
nism, gives the basic structure of TTS that is based on large-scale speech corpus and study of standardization, word
segmentation and voice tagging technologies for Tibetan TTS.
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1. Introduction a new method of TTS-based Corpus TTS technology
has caused the concerns of scholars. In the Corpus-

: : ased TTS method, since the whole speech unit is de-
as speech synthesis, transfers the text into phonolo

. “fived from original pronunciation as well as the speech
ical sequence, then generates speech waveform wit . i . .

. : ) .corpus including all kinds of context speech units and
speech synthesizer, and finally forms a continuous VOICe = i h enough, you can synthesize statement with
to output. In addition to human computer interac- '

. .. high definition and high nature.
tion, TTS technology also has broad application in - . )

) L . There are about 50 million people speaking Tibetan
automatic control, monitoring and control communi- .

. ) . . in China. However, most of them live in the remote
cations systems, office automation, information man- . . :
. ) . : and inaccessible area, and among them 85% Tibetan
agement systems, intelligent robotics and other fields, )
tan only speak but cannot read and write. Therefore,

The research for TTS technology was over 200 year§Studying and applying Tibetan TTS technology into

at home and abroad, but the practical TTS teChmIOg%ducation, telecommunications, and finance, will not

just emerged .W.'th th_e developmeqt of computer teCh_onIy improve the life quality of Tibetan but also pro-
nology and digital signal processing technology. In

) ) mote the cultural exchanges and national unity. But

the history of TTS technology, the synthesis param- ) .
¢ il din th | but in th the research of TTS technology of Tibetan has just
clers were mainly used in Ihe early years, but In e rted in recent years, and most of the related work
late eighties, TTS technology had made new progress

. 715 still in the initial stage. The writing structure and
especially PSOLA method proposed (1990), the tim- . >ad gs .
spelling model of Tibetan words are wildly different
bre and naturalness was much better. In recent year

from any other language in the world, such as English,
Japanese and even any minority language in China.
* Fund: China Natural Science Fund (61262051& 61163018)

Qinghai Science & Technology Department Project (2011-Z- According to the ertten FEXt’ the f(_aature and. princi-
755, 2011-2-753). ple of pronunciation of Tibetan, this paper gives the

Textto speech (TTS) technology, which is also know
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basicstructure of Tibetan TTS system, text analysis Considering Tibetan is different from other languages

and processing, and the design of large-scale speedh language type, character structure and syntactic struc-

corpus. ture, the basic structure of Tibetan TTS is designed
specifically as is shown in figure 3.

2. The Structure of Tibetan TTS System

processing speech

Sanskrit characters which has 30 consonant charac- | 't segmentation
ters, 4 vowel characters. The basic unit of Tibetan is v
syllable. There is a set of strict and complete rules

|

|

h |

1 |

normalization I : speech “ I

. . ; e | |Lsynthesis :

of combination and arrangement of characters for Ti- | ¥ |

. . . . . b ———— | |

betan. Its string of characters is 2-dimensional, writ- — 1T | OU‘P“}‘ |

. speecn

ten from left to right, however, the characters are not m e |
totally linearly arranged, part of compositional initial

consonantis presented in a top-down manner. The tra-

ditional Tibetan grammar divides the characters into
root letters, head letters, under letters, former letters, ag is shown above, according to the rules in seman-

later letters and backmost letters, as is shown in ﬁgTic, lexical and speech levels and content of the text,

word

Tibetan is an alphabetic language evolved from the |[Tibetanly |  word H. prosody input
|
|
|
|
|
|
|

Figure3 The procedure of Tibetan TTS

ure 1. we first transfer the text into the sequence of rhyme,
and generate the voice waves with respect to the se-

Vowel letter quence. The first step is related to linguistic process-
Head letter ing and the second step requires advanced TTS tech-

nology thus to synthesize voice stream with high qual-

Former letter] Root letter | Later letter {Backmost letter

ity.

Under letter

3. Text Analysis and Processing

Figurel The structure of Tibetan characters Text analysis and processing is the vital part of TTS
system, which aims to enable the computer to under-
According to the spelling strategy of Tibetan, for- stand the input text, to provide essential information
mer letters are put in front of the root letters, head let-for TTS. As for Tibetan, text analysis includes word
ters are on the top of the root letters, under letters ar@egmentation, transformation from special symbols and
below the root letters, and backmost letters are behinchumbers to proper tags, and analyzing the length of
the later letters. For examplssz Or s . pronunciation of syllables, and the level and severity
AlthoughTibetan is an alphabetic writing character, of a standstill position and length of pause.
its structure is more complicated than English, since As is shown in the figure 4. Through the process-
it can be spelled vertically and horizontally. Besides,ing module, the characters string is converted into ar-
there are blanks between words in English, but the Ti-gument code string with the feature of pronunciation.
betan words are adjoined together without any spacesthere are 3 steps in the text analysis and processing:
Therefore, the research of Tibetan TTS needs wordext normalization, text segment and voice tagging.
segmentation just like Chinese. In addition, the spell

order of Tibetan is different from other languages, as Tibetan Word S —
is shown in ﬁgure 2. text || Segmentation || pronunciation
*
Pause | Specific
2 processing symbol

(]

Figure4 The processing analyzes flow of Tibetan text

3.1 Text normalization

The text in reality contains a lot of non-standard

Figure2 The spell order of Tibetan characters . .
g P Tibetan characters. These words cannot be found in
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dictionariesand their pronunciation would not be ob- accurate voice. The word segmentation of Tibetan text
tained from the common rules. By analyzing the con-needs three steps: splitting text into sentences, split-
text of the text to implement text normalization and ting sentence into chunks, splitting chunks into words.
by recognizing the non-Tibetan characters to transfeits processing procedure is shown in Figure 5.
standard ones, we can present the examples in table 1:

e

He Gy a8 Fap s g A 200 B g 5 & 30 g S """""""""""""""""""""""""""""""""""""""""""" S o
Tibetan| ; Output word
- Into I(Ientif'\' .-'u:r__'mrju:n.lmu
Q@C%qﬁﬁﬁqgﬁqagﬁ?% %cﬁl‘ia‘ﬁm‘gﬁg;gg_nm SEN y/r. chunks (names, results
\r - places. S
Read __,(‘/:-'me-\B not on 1
ZH R Hrla ar G afors o §= 056 85) THRe A word || auxiliar_~ word) '—]
\ -
N Y L .
Into Word Ambiguity
aqﬁ:gﬂgﬁf]:mw 59%&'EJ§] sentences |1 Segmentation T 7| Sezmentation
‘ase-auxiliz \:U L]Emle ]1|]|ﬁ \\01 d
Table 1 The comparison between original and normalized — Sezmentation
text
Original Figure5 Word segmentation model
No. toxt Normalized text
€]
L | o iEgsEN | JEo R g ag 5y During the procedure of word segmentation, we first
. |- JERES recognize some words with distinct features, such as
S e sERgw Iy agran S EAga Ty agas name entities and special case particles, then split the
. |ow | original character sequence to smaller ones according
s | e s wgEnAs to these words, and segment inside the small chunk.
s | sow agaiwag We take the method of maximum match to segment

the chunk. The procedure of word segmentation (words

Thenormalized text as follows: are separated with */": For example:

Gegr AR G ala ge i dagn SR g h LR EEEE R E b A SR PR
Buyagda s ags TGS ETYR v AES 9| O SRENIYH G I VI TGP R E Y Py

RAYERVER A g e EA BT g A TGRS BaRAYERTNEAgn g Y FRINEr agan G
Oy g s P ag B A R AR g gT Y Rey = Qg erfe e Y gER IR R A= g
R0 ST A= Faf= GG v agsA g FTERTNSY IR IS AG=FIXG v ag sy
L) g A

Text normalization is the vital and essential step inStep1:Into chunks or sentences
the text processing. After the processing of the model, We get seven chunks by Case-auxiliary wcéa;,
the characters string can be transferred to argumerg andthree terminator:(]), here present the details
code string with the feature of pronunciation, thus toin table 2:

provide the succession module. In this step, the first case-auxiliary wo&s splits
_ the first sentence into three chunks, this sentence is
3.2 Segmentation ended by the first terminatc(]), and the chunks are

The Tibetan words are adjoined together without spadrom No.1 to No.3; the second sentence split by the
ces between words, therefore, the research of Tibetasecond terminatc|), and the chunk is No.4; the third
TTS needs first segmentation just like Chinese. Throughse-auxiliary worc& splits the last sentence into
word segmentation, semantic analysis, speech unit spiitree chunks, this sentence is also ended by terminator
ting and tagging, the TTS finally synthesizes natural,(]), and the chunks are from No.5 to No.7.
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Table 2 The text chunks

The text chunks

as

@*?‘:"ﬁ“E%"’ag“‘”}%aQQ%ﬁﬁ“‘q@C%"‘Tﬁc
ATYRIRETTR)

g gn w g Rg|

FHIRG A= FAF= R v ags g ag

&)

ag

Step2

‘Word segmentation

read(inputfile,chl);

k:=k+length(trim(chl));

if (ch1<>'A") and (ch1<>""") then
a[m]:=a[m]+chl;

else
begin
if ch1=""" then
begin
m:=m-+1; afm]:=chl;
end;
break;
end;
end;
end;
until (trim(a[m])=""") or (k=ds[mds]);
ZWZgSs:=m;
fengci(a);
ifk=ds[mds] then readln(inputfile.ch);
end:
end;
end.
procedure fengci(const al :sz);
begin
m:=0;

for i:=0 to zwzgs do

In this step, we use word segmentation algorithm as begin
follows.

function seach1(s:string):integer;

var

f1:textfile;st:string[4];

begin

assignfile(fl,".\continous word.txt");

re

//special case-auxiliary file
set(f1);

/ispecial case-auxiliaries are: AT TV Gl

Ire

sult:=0;

while not eof(f1) do
begin
readIn(f1,st);
if s=st then
begin

result:=1;

exit;
end;
end;

end;

El

procedure fo();
aisz;m,

begin

//splitting
mds:integer;

mds:=0;

whil

e (not eof(inputfile)) do

begin

m

=0; k:=0;

mds:=mds+1;
repeat

be

oin

m:=m+1;
alm]=";
fori=1to 4 do
begin

if (copy(al[il.length(al[i])-1,2)='R") then
begin
for j=m toido
s=stal[j[H'=;
s:=copy(s,1,length(s)-2);
//writing case-auxiliary into file
m:=i+1;
cazao2(s);
end
else
begin
if seachl(al[i])=1 then
begin
for j=m toido
s:=stall[j];
s:=copy(s.1,length(s)-length(al[i])):
seach2(s); // writing case-auxiliary
m:=i+1;
end
else
if al[1]="" then
begin
for j==m to i-1 do
s:=stal[j];
s:=copy(s,1.length(s)-2);
seach2(s); //writing Punctuation
end;
end:

Step3:Identification of abbreviated word

From the above Tibetan text, the highest frequency
of the abbreviated word & , so we show the identify

algorithm of & asfollows.
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Table 3 The special words in word segmentation table

No. word remarks No. | word | remarks
1 @ a1 2
2 Ay abbreviated | 32 ik
3 | §7REEES = | Axgfs
4 Gy case-auxiliary 3 ﬁhq
5 = a5 =
& F= 36 9
3 G 57 A
3 fat=d abbreviated 38 5
9 3 39 §':‘fﬂ
10 ?"Ja abbreviated 40 @gﬁ
11 E:d 41 R,
12 A AG 42 %51&
Typedefine struct index1
{int length;// Describes the number of word
int headl;
/ldescribes the word’s first address in the
corpus}IDI;
Typedefine struct index?2
{int length; //describes the number of words
String [| WH;

//describes the first character of words
int head?2; //describes the words’ address which
//first character is WH
HD2;
Typedefine struct data
{sting[] Word; //stored words
Char G1;//stored first-order parts of speech
Char G2;// stored-second parts of speech
DT

Table 3 (continued)

B o] 8

14 q 44 A=

15 a % = 45 | A& L % =

16 2 48 H

17| TE=s 05T

18 9 48 By

19 | g5NA | abbreviawd | 4 | 2

x| By o | &

21 3 s | Rg¥s

= |

2 RA | abbreviated | 52 | THE

2 | WER | abbreviated | 54 | 59

25 | 3wEs ss | Ry

25 =l Sﬁ 56 R

2 e 57| mER | abbreviated
2 | 3ER | abbreviaed | % | @Ag

w | gwiEy so | B | case-ausiliary
o | Agas 80 L]

Table 4 Index table 1

length(n) Headl
t(n)=(n-1)*30+1
1 1
2 31
3 61
40 118

Parts of index tables in structure of corpus are as

follows (table 4 to table 6).

Finally, we identify all Abbreviated words and get

segmentation word as follows.

TG xmn T R H AR Q10 A1 < rmg
Brsmn OBV m S e Fa H N sg BN ARG i B e
ien A0t Bt A A em YR Nt ge E7 e B
35 Ale Yauie FUER A TR N e T g
B 1R G U g T T e 1 BT a0
FraBn Wigs FBR wR N vg §NHT/00R =1eaT) S N E i
R e R A R R

N 1R F B 1 2 DG i 1Bl ]

The comparison between abbreviated word and its

restoration as is shown in table 7.
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4. The Design of Large-scale Speech Corpus

Speech corpus is used to store the sound file at-
tributes and rhythm properties of the Tibetan letters,
words and sentences, to extract the acoustic param-
eters of these sounds, and is integrated into a com-
plete speech corpus. Tibetan characters’ gender is di-
vided into Male, female and neutral by the strength
of sound, the amount of air, the muscle tightness of
phonation organs and sound or not sound.

Considering the effect of the gender on speech, we
design the structure of speech corpus as is shown in
table 8.

4.1 Design of speech corpus

Make use of Corpus-based TTS method, we need
pre-recorded commonly used words, phrases and sen-
tences, and these words, phrases and sentences should
cover all speeches in different contexts so as to es-

14



Table 5 Index table 2

length(n) | WH

Head2

[ I T I o T o T B e e
=

Table 6 Index table 3

word Gl G2
m n n
& n
q h
T n n
TS n n
BE a s
@& n n

Table 7 The table of abbreviated word and its restoration

No. asbbreviated word | Restoration

) oA TR

8 Ml Wi

10 ' = R &

19 yawa g

5 Ra 2y

» oZa SER

2 ] A

57 FE FES

Table 8 The structure of speech corpus

Index

Words, phrases, sentences

Sound File Name

The gender propeity of root letters

The gender property of former letters

The gender property of after letters

The gender property of backmost letters

The Position property of words and phrases

tablisha complete speech corpus. Therefore, how to
determine the Tibetan words, phrases and sentences is
one of the key technologies for the establishment of
speech corpus.

According to reference[6] records : the statistics of
the frequency and information entropy of Tibetan char-
acters and syllables are based on the corpus of
20,000,000 syllables The experiment showsthere
are 5,334 standard Tibetan syllables, of which the
syllables including one syllable, two syllables, three
syllables and four syllables are 473,061, 902 and
896 respectively. Therefore, to design speech corpus,
we first have to determine the selection standard and
the selection range of speech corpus through the Ti-
betan corpus. To do this we should use a minimum of
corpus covering as much as possible the natural lan-
guage phenomenon, thus to guarantee the fact that the
speech corpus is not too large and guarantee the qual-
ity of speech.

Continuous sentences can fully reflect the rhythm
structure of language, especially the phenomena of
tones information and the change of continuous speech.

Therefore, we select sentences through many ways,
such as newspapers, textbooks, science books, liter-
ature, Buddhism and historical resources. We also
try to make all sentences cover the basic syntax struc-
ture of Tibetan , which has an important factor on the
rhythm.

The sentences are designed into two sections: sim-
ple sentences and compound sentences.

The simple sentences include four kinds of sentences:
(1)declarative sentences; (2)interrogative sentences;
(3)imperative sentences; (4)exclamatory sentences.
Here are the examples.

(1) Declarative sentences
oEA Jraral A agn fEn S arnw Rar T ayysdiy)
(2) Interrogative sentences
ﬁq‘rﬂ:‘q:'i‘ﬁqwgﬁiﬁ]
(3) Imperative sentences
BerR TR S| SRR SR
(4) Exclamatorysentences
PR EH G VA PG| FFF I ARG F R AFR A
o

The colmpound sentences also include two kinds of
sentences\with conjunctions or without conjunctions),
here are the examples.

(1) The compound sentences with conjunction
=EA R gR R RawRs| 95 XA g3 R4y
R gEqE R ganRam) AL RaE) 5 IR S
a‘?a]wfgqg‘gﬂ]‘sa@‘ﬁq'g‘q'ﬁiﬁ‘ﬂ‘iﬁ]
(2) Thecompound sentences without conjunction
TR AV GEE] R A T AT E]
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4.2 Speech tagging

The determination of rhythm information is related
to linguistics, phonetics, signal processing, psychol-
ogy, acoustics and other areas of knowledge. This
process requires the computer to understand natural
language correctly, and identifies speech units corre-
sponding to each fundamental frequency, duration, pa-
use, stress and other prosodic information. The vari- [5]
ous types of rhythmic elements are organized accord-
ing to certain rules, thus to generate a sense of prior-
ities and self-assured in listening and playing in the

emotions function.

Typically, because of the same character or words
in different location in the sentence, the pronuncia-

[2] CaiLianhong, Huang Dezhi, and Cai Rulhe Basic

and Applied of Modern Speech Technolobginghua
university press, 2003.11.
http://www.iflytek.com/Html/gyxf/hxjs/hc/

[4] Wang Yong-sheng and Li Mei, “English accent as-

signment based on morphological rules and machine
learning,” Computer Applications, Vol. 28, No.1,
pp.88-91, 2008.

Zhang Sen, Liu Lei, and Diao Luhong, “Problems on
Large -Scale Speech Corpus and the Applications in
TTS,” Chinese Journal of Computer, Vol.33, No.4,
pp.689-695, 2010.

[6] Weilan Wang and Wanjun Chen, “The frequency and

information entropy of Tibetan character and syl-
lable,” Terminology Standardization & Information
TechnologyNo.2, pp. 27-31, 2004.

tion of the severity, length of pause are different t00. [7] weilan Wang, “The frequency - rank of language unit

etc: 2% in 777 andin #3*59% hasdifferent pro-
nunciation of the severityd in %< andin =3 has

difference in both pronunciation of the severity and [8]
length of pause. Therefore, synthetic, natural, and
clear voice must have a good rhythm rules. In or-
der to extract more precise quantitative description of
the rules of rhythm, data mining techniques is used
in a semi-automatic way to find specific patterns, as-
sociation rules, change rules, exception information
structure, and a statistically significant event. All Ti- [10]
betan characters and common words can mined from
corpus. Firstly, we classify Tibetan phoneme, sylla-
ble, character, word and sentence, and establish th&1]
voice corpus of character, word, phrase and special
sentence respectively; secondly, we analyze the Ti-
betan sentence structure, the pause and accentuate
sentences. Finally, we process the voice symbols o
Tibetan, English and number, and we shouldn’t tag the
non-pronunciation characters, for example, space ang 3]
newline, etc. Preprocessing must be run before voice
tagging, so as to filter the nun-pronunciation charac-

ters and extract the useful characters.

5. Conclusion

In this paper, we represent the essence of TTS and
compare the development of TTS at home and abroad.
According to Tibetan written language, Tibetan pro- [15]
nunciation features and the mechanism of Tibetan, we
research the text normalization, segmentation and voi
tagging, etc which are the key techniques of Tibetan

TTS by using text analysis and processing.
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