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Abstract

Natural Language Processing plays an important
role in any Text to Speech (TTS) system. The raw text
given as input to TTS may consist of numbers, dates,
time, acronyms or symbols. NLP processes the raw text
and converts it in the form that can be used by TTS to
generate its corresponding speech. NLP consists of
three parts; "Text Processing”, "Text Annotation" and
"Phonological Annotation". This paper enhances
earlier work and details the text processing in NLP
from the perspective of Urdu and also reports the
results given by NLP.

1. Introduction

Text to Speech (TTS) system for any language
takes a sequence of words as input and converts it into
speech. The accuracy of TTS system lies in the
intelligibility and naturalness of the speech it produces.
Text to Speech system can be divided into three parts:
Natural Language Processing, Text Parameterization
and Speech Generation [1].

Natural Language Processing normalizes the raw
input text and converts it to its corresponding phonetic
transcription. Text Parameterization then uses this
phonetic transcription to generate certain numeric
parameters. Based on these parameters, Speech
Generation module synthesizes corresponding speech.

The raw text given as input to TTS system can be
of any form. It may consist of numbers, time, dates,
symbols and any miscellaneous characters. Therefore,
before converting it into speech it must be converted to
some form that can be spoken by the TTS system. For
this purpose, raw text first undergoes the process of
Natural Language Processing.

In the past, many researchers have proposed
different NLP frameworks for several languages. NLP
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in some Romanian TTS has been divided into three
parts: text pre-processing, text normalization and
phonological processing [2]. It is capable of extracting
sentences, paragraphs, abbreviations, numerals, phone
numbers, time and punctuations. It then syllabifies and
marks stress positions on the words. NLP for many
English TTS also apply Part Of Speech (POS) tags to
the tokens [3, 4].

NLP for some Tamil TTS systems only handles
abbreviations, acronyms and numbers [5]. Numbers
include ordinary numbers, phone numbers, dates, time
and currency figures. It also handles some foreign
language words that the input text may encounter.

Text to Speech systems for Urdu also use NLP
before generating the digital speech signal. NLP can be
divided into three parts: Text Processing, Text
Annotation and Phonological Annotation. This paper
focuses on Text Processing and is an extension of work
done in [6].

The rest of the paper is structured as follows:
Section 2 describes the NLP architecture, Section 3
details the Text processing in NLP from the Urdu
language perspective, Section 4 reports the results and
Section 5 discusses the results whereas Section 6
concludes the paper.

2. NLP Architecture

Natural Language Processing can be divided into
three categories - Text Processing, Text Annotation
and Phonological Annotation, as mentioned in the
previous section. Text Processing converts the raw text
that may consist of numbers, dates, time or symbols
into a simple text string [1]. Text annotation adds
morphological, syntactic and semantic information to
the input text, for example, assigns a grammatical tag
to each word in a text string representing its Part of
Speech (POS).



Finally, this annotated string  undergoes
phonological processing, which annotates further
information including phonetic transcription (either
through letter to sound rules [7] or looking-up
pronunciation lexicon), syllable, stress and intonation.
The high level architecture diagram for NLP is shown
in Figure 1.
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Figure 1: High level architecture diagram

The shaded portion in Figure 1 has been discussed
in detail in this paper.

3. Text Processing Module

Text Processing module takes raw input from the
user and converts it into normalized text. Raw input
may contain any form of the text. The input text
undergoes sentence segmentation as shown in Figure 1.
These segmented sentences are then converted to 8-
bit Urdu Zabta Takhti (UZT) [8] format for internal
processing.

Text processing mainly consists of tokenization,
semantic tagging and text generation. Tokenization
module tokenizes the incoming sentences into words or
equivalent units and sends them to the semantic tagger.
Semantic tagger analyzes multiple tokens and where
necessary labels them as number, time, date, text, or
some other category. Each tagged token is then passed
to text generation module which converts the token into
its corresponding text string based on its label. The
flow diagram for Text Processor has been shown in
Figure 2.

Text Processor module in NLP must be able to
convert numbers, symbols, time, date and
miscellaneous strings to text, which can then be
converted to speech by any TTS. This complexity of
Text Processor module has been handled and is
discussed in detail in the following sections.

* Miscellaneous Number to Text Processor
Conversion

Figure 2: Text processor module
3.1. Sentence Segmentation

The input string undergoes the process of sentence
segmentation. This module breaks the input string into
sentences - if it encounters a full stop, question mark,
line feed or carriage return character. In addition, if a
sentence is very long, it is segmented at a hard limit of
400 characters (slightly shorter strings are truncated to
adjust word boundaries). The whole input text is first
broken into sentences and then it is sent to other
modules for further processing.

3.2. Conversion to Urdu Zabta Takhti (UZT)

The segmented sentence, initially in Unicode
format, is then converted to UZT format. A conversion
map containing, for each Unicode symbol, a
corresponding UZT symbol is then used to convert this
sentence into the desired format.

This conversion is needed as UZT takes less
number of bytes as compared to Unicode characters.
This makes processing faster and easier. Conversion is
limited to the characters which are available in UZT.
Other characters are ignored at this time, except ASCII
digits, which are mapped onto Urdu digits. This
converted sentence is then passed on to the
tokenization module.

3.3. Tokenization

The tokenization module separates words in the
input string according to space and the punctuation,
including () '™ !:/«¢-etc. Italsocontains a few rules
for specific cases, for example, to separate a humber
and text joined together like the string 12— into



separate tokens; to identify a decimal number between
digits as separately from an end of sentence marker.

However, space is not a reliable cue for
tokenization. According to Naseem et al., 75% of the
errors in Urdu corpus are due to spaces [9]. Therefore,
Akram et al. [10] proposed a statistical technique to
address this issue, based on Urdu ligature and word n-
grams. The current work will be extended to include
this algorithm in the future.

3.4. Semantic Tagger

It is necessary to determine how the tokens are to
be converted to text and read out. For example,
22/10/2010 should be converted to " s3> ¢ i) el
o= O " (baiiis oktu:bar son do: hoza:r das, "Twenty
second october year two thousand ten™) and not as
Mo sl Ll s Olle e Gl Gefl” (baciis sole:f dos
sale:f do: hoza:r o:r doas, "Twenty two slash ten slash
two thousand and ten™). This is done by first marking
"22/10/2010™" strings as a single semantic unit and
tagging it as a date, but "22/10" will be tagged as
fractional number. Semantic tagger analyzes the tokens
- tagging them as date, time, numbers (whole numbers,
fractional numbers and decimal numbers), text, special
symbols and miscellaneous strings [6] as shown in
Figure 2. This is done by considering each token
(separated in the tokenization phase) in its context to
see if they can be grouped into larger semantic forms.

Semantic tagger module, initially designed in [6],
has been extended to meet additional requirements for
Urdu TTS. The modules of the semantic tagger are
discussed in more detail below.

3.4.1. Text Processor. Text processor checks the
incoming token and its next tokens (context) to
determine if it's a date or text and then tags it
accordingly. Some of the date formats covered by this
module are Y+ +V gs> (June 2001) or Y\, o> (June
year 2001) or «Y++Y s (June 2001 AD.)) or uss
s 10 (June year 2001 A.D.) or Y+« «YY o5 (June 23,
2001) or Y., «YY e (June 23, year 2001). It covers
both Urdu and English digits and the months of Islamic
and Gregorian calendar. It also recognizes the Arabic
sign Sanah (.._) before the year and Hijri (+) or Eeswin
(¢) symbols after the year in a date.

The text which belongs to categories other than
date and time is considered miscellaneous by this text
processor module.

3.4.2. Number Processor. Number processor handles
both English and Urdu digits in the input string. It
checks the next tokens of the numbers and based on
this, tags them as whole numbers, fractional numbers,
time, date or miscellaneous strings.

Whole numbers are individual digits that appear in
the input string and do not have any context (relevant
next tokens), for example, 12, ¢ etc,

Fractional numbers contain a '/, for example,
12/13, YY/YY. Such sequences are tagged as fractional
numbers.  Similarly, sequences with additional
constraints of having a "' instead of a /' and digits
within hour and minute ranges, for example, 12:03,
YY:+ Y are tagged as time.

For dates, it checks the context and obtains a
single semantic unit. Some of the examples include:
YY-VY-Yee) (12-12-2001) or YY/YY/Y+) (12/12/2001)
or Y+«) us Y (12 June 2001).

The numbers which do not lie in any of the above
mentioned categories are tagged as miscellaneous
strings.

3.4.3. Decimal Number Processor. As mentioned
previously, tokenization module creates one token for
the decimal number in the input string. Decimal
number processor takes that decimal number as input
and tags it. Examples include YY.Y or VY,¥ etc,

3.4.4. Special Symbol Processor. It handles symbols
and a date format that starts with a symbol. Symbols
include @, #, $, %, © ) e 3, #,4 along-with
the Urdu characters like .cte & <!

Date format tagged by this processor starts with an
Arabic sign Sanah (.._). Examples include: ¥+ ' or
2001 etc.

3.4.5. Miscellaneous String Processor. All the tokens
that contain colon (:), slash (/) or dash (-), in some
combination with numbers or texts, are considered
miscellaneous. These strings do not lie in any of the
above mentioned categories but can appear in the input
text. This processor tags such strings.

3.4.6. Punctuations. Semantic tagger also tags
punctuations in the input string. The punctuations that
are displayed in the output string include ! ¢' ¢ «.. This
is because these punctuations affect the speech and
must be there to ensure accurate speech synthesis.



3.5. Text Generation

Tagged tokens are then passed to text generation
module which converts them into their corresponding
UZT text equivalents [6]. String generation has been
divided into several different sub-modules depending
upon the categories as shown in Figure 2. These are
Number to Text Converter
Date to Text Converter
Time to Text Converter
Special symbol to Text Converter
Miscellaneous to Text Converter

These modules have been discussed in detail in the
following subsections.

3.5.1. Number to Text Converter. It deals with whole
numbers, decimal numbers and fractional numbers. The
numbers O to 99 have their UZT text equivalents
stored, which are referred during conversion. The basic

pronunciations - s (so, "hundred"), JJ3 (hoza:r,
"thousand"), <Y (la:k", "Lac"), <. (orob, "million™),
<xS (k"orob, "billion"), Y& (bota:, "by - used in
fractional numbers”), ~Ue)  (i:facrga:, “decimal
point"), «iai (nisf, "half"), 4 (ttha:i:, "one third"),

s (fot"azi:, "one fourth) etc. are also stored for

future reference.
It reads whole numbers from right to left and
pushes the text equivalent of each number into the

stack. Counter checks the addition of s (so,
"hundred"), 3% (hoza:r, "thousand"), <Y (la:k™,
"Lac"), <« (erab, "million"), w4 (k"orob, "hbillion")
and pushes the required pronunciation into the stack as

AdYY $036 | q hozar Eight
QR g no so temti:s thogsand
nine
hundred
thirty three
213901 ‘l),-.ﬁ -GSY 9 do: la:kh Two lac
Su 5 ) o . thirteen
s te:ra: hoza:r thousand
no so ek nine
hundred
one
21345320 jJJs K2 do; kgro;t Two crore
+SY 00 . .n | thirteen lac
uallidy fewra: 1(1'.k forty five
s ) | pemtaclis thousand
o hoza:r ti:n so three
bi:s hundred
twenty

Decimal numbers are also read from right to left
until a decimal point is encountered. The numbers after
the decimal point are considered unique, for example,
123 in 12.123 will be converted to ¢ 92 St (e:k do
ti:n, "one two three") instead of o su S (ek s
te:i:s, "one hundred and twenty three"). After their
conversion, decimal point gets its equivalent
pronunciation ~be)  (i:facrija:;, “"decimal point™)
whereas rest of the numbers (before the decimal

number) are dealt as whole numbers. Table 2 shows the
examples for decimal number inputs.

Table 2: Decimal numbers in NLP

: ) Input Output IPA English
well. At the end, the stack will have the equivalent Transcription | Translation
UZT text for the whole number. The example for whole of Output
numbers is shown in Table 1. 12.02 LGS o4 bara: Twelve

. 3 . . oint two
Table 1: Whole numbers in NLP ifarja: do: | P
Input Output IPA English AR ks o 4 te:ra: Thirteen
Transcription | Translation Sl S e point one
i-fa:rija: ek
of Output one
100000 P ok lak One lac ek
Yoo v N S X Ta-kh . .
’ # 5 ek lak One lac Fractional numbers are converted in a same way as
12324 Mo ba:ra: Twelve whole numbers except that they have slash (/) between
il haza:r ti:n so thousand them which is given its text equivalent & (bata:, "by -
> ’ three . . . .
ffo:bi:s hundred used in fractions). This converter also recognizes
special fractions with text equivalents different than the
twenty four




normal fractions. Special fractions include 1/2, 1/3,
1/4, 2/3, 2/4 and 3/4. 1/2 is converted to «iai (nisf,
"half") instead of s2 W <) (e:k bota: do, "one by two")
in Urdu. Table 3 shows examples for fractional
numbers.

Table 3:Fractions with special pronunciations

Input Output IPA English
Transcription | Translation
of Output
AR GiBig | P bofa: dos | Sixbyten
1/3 ld S e:k trha:i: One third

The numbers can have both Urdu and English
digits. Moreover, whole numbers can be represented in
the form "100,000". Due to this diversity, it covers 4
formats for whole numbers, 2 for decimal numbers and
2 for fractional numbers.

3.5.2. Date to Text Converter. Date to Text Converter
handles three different types of dates, which are:

o D(D)-M(M)-Y(Y) & D(D)/M(M)/Y(Y)

e D(D) Month-Text Y(Y) & Month-Text D(D),

Y(Y)

o YY(YY)

Here, D(D) is the date, M(M) is the month in
numbers and Y(Y), a year. Month-Text is the month
already in Urdu string.

The D(D) should be in the range 1 to 31 whereas
M(M) in the range of 1 to 12. Years before 2000 have
different corresponding Urdu string as compared to the
years like 2000 or greater than this. For example, 1992
has ~ sb s ol (unics so ba:nVe:, "nineteen ninety
two") as its corresponding text whereas 2002 has ) s
33 (do hoaza:r do, "two thousand and two"). Date to
Text converter takes care of these two different formats
of years and gives the output accordingly.

Some formats of dates are shown in Table 2.

Table 4: Date to text converter output

IR 0% | farvari: sen February
do: hoza:r year two
thousand
12 6054 | sosAelb ba:ra: Twelve
IBYYS
2000- JH I parvori: son February
S e year two
do: hoza:r thousand
Qi:sovi: A.D.
Gos AN, | elbisosd farveri: February
Yoeou IBYAYS
X bara: sen twelve,
year two
do: hoza:r thousand
241992 il G son uni:s so Year
.L| H
e ba:nVe: nineteen
G ninety two
hidgri: AH.
) DV 83 O son do: Year two
S o thousand
hoza:r e:k
(6 e one A.D.
Pi:sovi:

During text conversion, it also keeps track of
symbols like Arabic Sanah (.._), Hijri (#) and Eeswin
() which can appear with the year in a date. Type 2
covers both Islamic and Gregorian calendar months.
Each type for date can be represented with both Urdu
and English digits. They appear with different date
symbols constituting different formats for each date
type.

Type 1 has a total of 24 formats, Type 2 has 108
whereas type 3 consists of 10 different formats.

3.5.3. Time to Text Converter. It converts hours and
minutes in time just as whole numbers whereas "' in a
time is replaced by _S & (bads kor, "Used to display
time in Urdu™). It also checks the minutes in the time; if
it shows zero minutes then it only gives the information
about the hours. For example, in case of 10:30, it gives

e il Sz e (dos badg kor ti:s mint, "ten thirty")
whereas for 10:00 it just gives o« (des, "ten"). This
module covers 6 different formats for time. Table 5

Input Output IPA English shows the examples for time.
Transcription | Translation
of Output Table 5: Time examples in NLP
12-2-2000 | sos el bara: Twelve Input Output IPA English
Do S .
AR PO | it son February Transcription | Translation
year two of Output
(JO: hQZG:r thousand 500 @'E pa:ntj' FlVe
ARVATARER G A b)\-.l ba:ra: Twelve f.F. S = Jle, tja:r b9d5 Kor Four Forty




b«

e Gully ‘ ffa:lizs mint,

Table 7: Miscellaneous strings in NLP

3.5.4. Special Symbol to Text Converter. Special
symbol to text converter handles 56 different symbols
which are mapped onto its equivalent text by this
converter. The symbols covered by this converter have
already been discussed in Section 3.4.4. Some
examples of special symbols and their conversion are
shown in Table 6.

Table 6: Special symbols in NLP

Input Output IPA English
Transcription | Translation
of Output
dsw pS) dg rosu:l ollach Rasool
psl e Al gla sololla:hu Akram
play ' salalahu
PoleehVosalom alehi
wasalam
@ &'.'-“ &;t At
(Symbol)
J J ze: UI’dU
character
e e A La salolla:hu Arabic
plas ?olee:hVosalom Symbol
e & gy rozi: olla:hu Avrabic
?onhu: Symbol
$ A da:lor Dollar
% Lazh fizsad Percentage
— e san Year
o o fe: Urdu
character
4 d ?:n Urdu
character

3.5.5. Miscellaneous String to Text Converter. (3),
() and (-) in miscellaneous strings are converted to
their equivalent texts - ¢4s$ (colon), ids (slash) and
JiS (dash) respectively. For any text or number that
may be present in the miscellaneous strings undergo
simple conversion of text or number as described in
previous sections. This module covers more than 142
different formats for miscellaneous strings. Some
examples are shown in Table 7.

Input Output IPA English
Transcription | Translation
of Output
Yool N0 (Bu:n dO: June two
Y. Sl i hoza:r ek thousand
O Gl S one dash
de:f bi:s twenty
12-12 ldelt | barra: deyf | Twelve
ok ba:ra: dash
o twelve
YYNYoN Y/ u.uf 0% | bara: de:f Twelve
Ol o e Ao dash
il o ba:ra: de:f twelve
ba:ra: sole:f dash
twelve
slash
[Os-05> | 02 UJ‘:"‘:‘ sole:f dsu:n | Slash june
G5 Gl de:f dsuen dash june
U il 0 d&u:n dee:f June dash
2001:20 N . two
o 5 haza..r ek thousand
bis one twenty
4. Results

Text Processor module has been tested with some
real data. Data used for the testing purpose is taken
from Urdu newspapers, Urdu typed books, Urdu news
websites and Urdu digest. Sentences are selected from
each of the corpora and given to NLP. Each word is
checked if it has given desired output or not, and the
results are integrated.

The coverage of formats for dates, time and
numbers depends on their frequency in the real data.
Time and decimal numbers have fewer occurrences in
the given corpora as compared to dates, whole numbers
and symbols.

In the testing process, 13297 words are covered,
which along-with text strings; contain numbers,
symbols, and miscellaneous strings. Decimal numbers
and time, found in the testing data have 100%
accuracy. Accuracies for whole numbers, dates and
miscellaneous strings are 99%, 91% and 93%
respectively. Accuracy for symbols is reduced to 50%.
This is because normalization of symbols like & & etc.
is not correct and it does not give its full equivalent
string, thus reducing the accuracy. Here, accuracy




determines the correctness of conversion of input string
to its Urdu format. Table 8 tabulates the results.

Table 8: Results

Total | Correctly %age
Tokens | Identified | accuracy
Whole 271 267 99%
Numbers
Dates 92 84 91%
Miscellaneous 40 37 93%
Numbers
Symbols 62 31 50%
Time 5 5 100%
Decimal No. 16 16 100%

Majority modules show accuracy above 90%, as it
can be seen in Table 8. Issues encountered during
testing phase have been discussed in Section 5.

5. Discussion

The results given in Table 8 show sufficient
accuracy of NLP text processing module but there are
some issues that need to be resolved.

Space issues in the test data and invalid Unicode

code points resulted in inappropriate conversion of
whole numbers. For example, Y—Xil shows no spaces
between them, thus resulting in wrong interpretation of
the whole number present in the given example. Some
of the numbers in the test data contained invalid
Unicode code points (not belonging to Urdu) which
were not recognized by NLP thereby, giving incorrect
results.
Similarly, some dates were not recognized because of
space issues. In gw=eY«+) g€l 4 there is no space
between '« ' and "o« " due to which it was unable to
recognize the proper date format. At another point, the
date of format Y.+« «Y¥ <& was not identified
because English comma ', was used instead of Urdu
comma <. Some of the other dates were used with
miscellaneous characters due to which they were
tagged as miscellaneous strings. For example, 1999 -
2000 .«

Symbols showing 50% accuracy are a major
concern of NLP. The symbols T & & etc. were not
recognized properly during the testlng phase. NLP
could not generate the whole text equivalent for these
symbols which reduced the overall accuracy of this

module. For example, for & it gave = (roz1, "Arabic

symbol") only instead of ~& & &y (rozi: ollahu
?onhu:, “Arabic symbol”).

Moreover, there were some errors related to
tokenization and sentence segmentation. Tokenization
errors occurred due to typing errors and space issues in
the input file. Sentence segmentation errors resulted
because some of the sentences consisted of more than
400 characters and as described in section 3.1, NLP
segments the sentence if characters in a sentence are
more than 400. This resulted in inappropriate sentence
segmentation.

6. Conclusion

This paper has discussed various steps in detail,
needed for converting raw text string into normalized
Urdu string. Raw input may consist of numbers, date,
time or symbols that must be normalized using text
processing module before sending it to TTS system for
speech generation. The overall accuracy for text
processing module is 90.5%, which is a quite
acceptable number. However, this is a work in progress
and some future goals are yet to be achieved. Future
goals include refining NLP output and handling more
formats for each sub-module depending upon the
requirements.
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