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Abstract

Machine Transliteration is becoming an important research area in Machine Translation, which ensures phonology of target
language word. This paper describes the transliteration system that has been developed for multi script text. The proposed
system is capable of transliterating English and Hindi text into equivalent Punjabi text using a rule based transliteration
approach. Transliteration is more phonetic process because transliteration is more closely related with utterance. Thus
there is need to perform phonetic analysis in addition to orthography for forming rules. The accuracy of English-Punjabi
and Hindi-Punjabi transliteration is found to be 94% and 98% respectively.
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1. Introduction

Transliteration means transliterating a word written in
one language to another language without compromising
with its phonetic properties. Machine translation is a
process that transforms/translate message written in one
script into message written in target script. It keeps exact
meaning of the word. The most important requirement of
machine transliteration system is to preserve the phonetic
properties of source language after the transliteration in
target language. Thus during transliteration, we have
to maintain syllables’ sound in words. In this paper we
have presented an approach toward Multi Script Text
Transliteration. The system of multi script transliteration
can transliterate English and Hindi text into target
Punjabi text.

The remaining part of this paper is organized in 4
sections. In section 2 we have described the related work
that is done in the field of machine transliteration. Then
we have described basic approach and various rules for
multi script transliteration in section 3. In section 4,
performance evaluation is discoursed. Finally in section
5, we have given conclusion of it.
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2. Related Work

In transliteration, significant research has been done for
Indian scripts and for foreign scripts. Knight and Graehl
have presented a statistical model. The model is based on
phoneme and it uses finite state transducer. This model
applies various rules for mapping to perform backward
transliteration. To transliterate words from Japanese back
to English, they have proposed a method for automatic
backward transliteration'®. Lee and Choi have presented
a statistical transliteration model for transliteration
from English language to Korean language. They have
compared two SMT based methods i.e. direct method and
pivot method. After comparing two methods, they have
proposed a more effective method for transliteration that
is hybrid one'. Oh and Choi discussed phoneme based
English language to Korean language transliteration
system. Phonetic information, orthography information,
and information regarding context is used in this
system". Punjabi Machine Transliteration System has
developed by Malik that uses transliteration rules to map
words written in Shahmukhi script to its corresponding
words written in Gurmukhi script'?. Saini and Lehal
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have performed transliteration from Shahmukhi script
to Punjabi language. They have proposed a corpus based
system for transliteration. The proposed system has been
successfully tested on a small data of story, article, and
poetry. It has claimed 91.37% of average transliteration
accuracy”. To transliterate Hindi words into Punjabi
equivalent, a transliteration system has proposed by
Goyal and Lehal. Complex set of rules have implemented
for more accurate transliteration’. Vijaya et al. have
developed a system called “WEKA” that can perform
transliteration from English language to Tamil language.
They have demonstrated a transliteration model based
on multi class classification approach. It is a Rule based
system that has resulted accuracy rate of 84.82%'.
Josan and Lehal have implemented a system for Punjabi
to Hindi words transliteration. They have combined
simple approach of character to character mapping with
various rules and Soundex based enhancements. There is
some dependency or contextual rules that are manually
crafted’. Kaur and Josan have proposed transliteration
system from English to Punjabi. It is statistical machine
transliteration system that is created by using MOSES.
MOSES is a statistical machine transliteration tool. The
system has attained average accuracy of 63.31%°. Deep
and Goyal have proposed a by using various mapping
rules to transliterate person names from Punjabi to
English. It is grapheme based method. The proposed
technique has demonstrated transliteration for common
names of persons, cities, states, rivers etc. and achieved
93.22% accuracy?®. Josan and Kaur have proposed Punjabi
to Hindi text transliteration model. It is a statistical model
that is builds on statistical techniques. It has claimed
accuracy rate of 87.72%°. Dhore et al. have focused on
transliteration of Hindi and Marathi to English using
a phonetic based direct approach’. Rathod and Dhore
have presented machine transliteration for Hindi and
Marathi to English using Support Vector Machine. The
system is tested for person names and place names and
achieved accuracy of 86.52% for 5-gram'*. Bhalla et al.
have proposed English to Punjabi transliteration scheme
using various transliteration rules. For name entities
such as proper names and location names, probabilities
are calculated. The proposed scheme has claimed 88.19%
accuracy’. Joshi et al. have used statistical machine
learning approach to do transliteration from Roman
script to Devanagari script®.
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3. Methodology

3.1 Approach Followed

Rule based approach is followed for multi script text
transliteration system. To achieve high performance and
more accurate result of transliteration we have considered
grapheme information and phonetic information during
rule formation.

3.2 Proposed Machine Transliteration

Process
To produce final transliteration result in target language
i.e. Punjabi, the multi script input text passes through
various phases, as shown in following Figure 1,

Multi Script Input Text

|

‘ Identification of Language ‘ Preprocessing
‘ Word Segmentation ‘ Segmentation
‘ Transliteration Rules ‘

i Transliteration

‘ Automatic Transliteration l

!

Punjabi Text Output

Figure 1. Basic Transliteration Approach.

3.2.1 Preprocessing

The main step of this module is to identify the language.
The language is identified according to the Unicode of
input words.

3.2.2 Segmentation

This module segments the source string. It generates
transliteration units of Hindi/English language. It
segments English and Hindi strings.

3.2.3 Transliteration

Based on framed rules, transliteration module maps
English and Hindi text into resultant Punjabi text.
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Preceding and following characters in a given word are
also taken into consideration for more appropriate result.

3.3 English-Punjabi Transliteration Rules

In most of the cases, consonants of English language are
directly mapped to the consonants of Punjabi language?.
But only direct character to character mapping is not
enough for performing transliteration, because it may
lead to poor result of proposed system. So there is need to
develop different rules to improve accuracy of the system.

3.3.1 First Vowel Character and Last Vowel
Character in Word

Table 1. Rules for First Vowel Character

Character Combinations Source  Target Target
at First Position Word Mapping Word
‘@ followed by consonant aman oy’ WHS
‘an’ ankit ‘nf wWafs
‘ed eagle & RIS
‘el’ eight =y bored
‘in’ India ‘T g
of ol @ ofs
‘w0’ followed by double  utter ‘@i €39
consonant’
Table 2. Rules for Last Vowel Character

Character Source  Target Target
Combinations at Last Word  Mapping Word
Position

‘i sonia “yyr A
‘@ preceded by conso-  samrala o AHIBT
nant

‘nu’ sonu Eoil oy el
od goa  uwr o
‘€ + 2nd last character ' like Skip ‘e’ RIS

3.3.2 CVCC Pattern (Double Consonants)

If there are double consonants in English word then they
are transliterated into Punjabi gemination symbol i.e.
‘Addak’”. There are 2 geminates that represent nasalized
sound i.e. ‘mm’ and ‘nn’ So in most of the cases they are
written with “Tippi.
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Table 3. Rules for Double Consonants

Character Source  Target Mapping Target Word
Combinations Word

‘@ + double bhatt ol =
consonant

‘€ + double dress i S IIH
consonant

¢ + double gill N P i
consonant

‘0 + double boss R 97
consonant

‘«’ + double full g 4 gt a"’g
consonant - -

3.3.3 CVC Pattern (Short Vowels) and CVCe
Pattern

Table 4. Rules for Short Vowels

Short Vowel  Source Word Target Target Word
Mapping

Q@ fan, scan ‘A 25, 7S

e bed, pen L S ds

T big, swim v+ gl wRH

o dog, stop < 39T, AR

o cut, bus i g, =5A

Table 5. Rules for CVCe Pattern

Character Source Target Target Word

Combinations Word  Mapping

current_charis @ grace “a IJSH

second_next_char

is‘e

current_charis T like P - U e

second_next_char

is €

current_charis ‘0 vote ey =red

second_next_char

is'e

current_charis ‘0 tune e T = Feil=re)

second_next_char
is €

3.3.4 Resolving Ambiguities

In every language there are some words or characters that
represent ambiguous pronunciation. For example, English
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consonant ‘s’ represent different pronunciations like “F’ or
‘AT in Punjabi. For example pronunciation of word ‘base’
or ‘page’. Other ambiguous character is ‘g. There is need
to refer to surrounding characters in order to resolve this
problem. Rules for handling such ambiguous characters
are discussed in Table 6.

3.3.5 Silent Letters

Various rules are also framed for different silent letter
combinations like ck,wr,kn,mn,mb,mp,dg,gh,wh etc. E.g.:
tricka @37, wholea I3, writea ITEIS, knowa &, columna
35N, companya JYST, fridgea ST, thoughta Be, etc.

3.3.6 Unreduced Vowel (Schwa and Consonant)

Certain words in English language are often pronounced
with full vowels with unstressed syllables. For example

words carea I, affaira Wawd, reald IS, potentiala

Table 6. Rules for Ambiguity Resolution

tlé)?ﬁ”)f& cruala IINB, herea Ing, gorgeousa CIGEIN

etc.

3.4 Hindi-Punjabi Transliteration Rules

Most of theletters in Hindi have one to one correspondence
with Punjabi letters. Hindi and Punjabi are more closely
related languages because there are various similarities in
the syntax and vocabulary of both languages, the sound of
most of the letters is same in both scripts. But only direct
mapping does not provide accurate result. There is need to
develop different rules for more accurate transliterations®.

3.4.1 Rules for Ambiguity Resolution

Hindi words may have more than one representation based
on the perception of the transliterator. For example Hindi
word ‘TIATE’ can be represented in Punjabi as UM,
UMWH’, UFATH, “UETH, Most of the ambiguous words are

Character Combinations Source Word Mapping Target Word
‘g’ followed by ‘en’/‘in’/‘ic’/im’ General, margin, logic “a 68, Hars, 3dfd
‘ange’/‘enge’ Orange, challenge ‘T €3, 98a
‘g’ preceded by @/'d’” + followed by ‘€ page bridge “a OH, S99
‘s’ preceded by ‘ou’/@" + followed by mouse, base ‘T HEH, 97
last ‘s’ preceded by ‘sse’/ ‘che’/ ‘i€’ classes, benches, parties ‘qJ ISHA, S99, Udaid
s’ followed & preceded by vowel Season ‘T P i=ro
Table 7. Rules for Ambiguity Resolution in Hindi
Character Combinations Hindi Word Mapping Punjabi Word
T’ is at first position Iglea o ues
Aqr/ A AT/ DY are at last position HRAY, HRAAT A VAR G, argerd
T’ is preceded by half character qarE Forr e YA
I’ is followed by ¥/ T/ V™ TIEIE, TEAAT, aRR e AR, AofesT el
A’ is followed by ‘T AT ATHR & THESS
gT’ is preceded by T ofITAT e+t BrfenT
g is preceded by half character T i@ afg
g’ is preceded by half character g fr+'e =fg
‘T is preceded by T’ SIOT e sIfee
‘AT is preceded by half character HAR e afgs
second and last character is AT’ and previ- T Forr e o Jrfarr
ous is consonant
AT is preceded by T3/ ¥ Jar 1+ Ihorr
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Table 8. Rules for Middle Vowel

Character Combinations

Hindi Word Punjabi Mapping Punjabi Word

‘g is preceded by * ¥’ Jgd o
AT is preceded by © & R i
‘@’ is followed by ‘¢ Hghol af
“fir* is followed and preceded by <" SITATAIG i
“fi+* is preceded by half character 3Ty <
“fi is at second last position and T <P
‘AT is at last

“fir is at last gufar <

AEf3t

resulted due to the presence of Hindi consonant T’. The
framed rules for resolving ambiguities are discussed in
following Table 7.

3.4.2 Rules for Middle Vowel Character

Hindi vowels are mapped to different target characters
based on their position in given word. For example Hindi
vowel f¥ is not always mapped to ‘f:. Sometimes it is
mapped to I’ according to its position and surrounding
characters in a given word. Table 8 shows various rules
proposed for middle vowel character.

3.4.3 Rules for Half Characters

Half character form is used to represent sound duplication
in Hindi language. But in Punjabi, gemination adhak <
is there to duplicate consonant sound®. The mapping of
half character in target language is greatly depends on the
next character combination. The mapping of such
characters is shown in following Table 9.

Table 9. Rules for Half Characters
Hindi Punjabi Punjabi
Word Mapping Word

Character Combinations

half ‘&’ is followed by ‘@’ G W W
half ‘9T is followed by ‘&’ HITT ‘g’ HYy
half ‘@’ is followed by ‘& IOl ‘" feer
half ‘ST is followed by ‘ST’ AT ‘g’ HS
half ‘T’ is followed by ‘&’ AT Ho
half ‘T is followed by ‘& q@R G dES
half ‘G’ is followed by ‘& geu O 50
half ‘T’ is followed by ‘& ww© 3
half ‘& is followed by ‘87’ gy O B3
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3.4.4 Rules for Nasalized Characters

Nasalization in Hindi is presented by anusvara,
chandrabindu and some nasalized consonants. Nasal
character ‘Anusvara’ and ‘Chandrabindu’ of Hindi are
mapped to either ‘Bindi’ or ‘“Tippi’ in Punjabi according
to the matching rules. Commonly used nasalization
consonants in Hindi are ‘H’, e and ‘OT. When written
with vowels or half character form then they are either
mapped to ‘Bindi’ or “Tippi’ in Punjabi. Table 10 shows
various rules proposed for handling Hindi nasalized
characters.

Table 10. Rules for Nasalized Characters

Character Combinations Hindi Punjabi Punjabi
Word Mapping Word

‘¥ is not preceded by i/ ¢ HILT o BES]

S VI VA A

‘7% is at last position DR G =fed

“¥ ispreceded by * ¥/ ¥/ @ERE 4V IISH

Ko AR P VA

“ is preceded by 3’/ ‘/ Hqha o BES

‘consonant’

v - 5 °

‘¥ is preceded by 43’/ ¢/ @ d

‘consonant’

4 s at last Far el I

half ‘F/ half T/ half ‘OF  wegam, & e
qursfa Usts

half &/ half ‘& are wWeE @ 29H

preceded by ‘wr/ ¥/ ¥/
IR e
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3.4.5 Rules for Common Conjunct Consonants

Conjunct consonant is a combination of two or more
consonants which are pronounced together without the
pronunciation of the inherent @ vowel between them.
Hindi conjunct consonants have no direct mapping in
Punjabi. These letters are mapped according to the rules
as shown in Table 11.

Table 11. Hindi Conjunct Consonants Mapping

Hindi Hindi Corresponding
Characters to Conjunct Punjabi
form Conjunct Consonants Characters
FAHT al q+H
S+ ST =T arf+ ni
F+p+d h aJ+3
T+HT = 3I+d
T+ ES Tt<

M +3+ T =T H+d
TG E gre
g+ - g+g

4. Performance Evaluation

Word Accuracy Rate is used to evaluate machine
transliteration system. It is defined in percentage i.e.
number of accurate transliteration by total transliterations
produced by proposed system. This system is successfully
evaluated on data of news of more than 10,000 words and

other domains like names of persons, locations etc. The
word accuracy rate of proposed transliteration system is
shown in following Table 12. Figure 2 shows the snapshot
of multi script text transliteration system.

Table 12.  Accuracy of Transliteration System

Language Accuracy (%)
English 94%
Hindi 98%

5. Conclusion

Here we have presented machine transliteration system
that is developed for multi script text using a rule based
approach. Transliteration does not rely only on source
grapheme, it is a complex process, which. Because the
transliteration is more phonetic, it is difficult to attain
accurateresultswithout considering phoneticinformation.
Phonetic transliteration is followed to generate Punjabi
equivalent of English and Hindi that works according
to the transliteration rules. Besides direct character-to-
character mapping, various rules have also been devised
for transliteration in order to resolve various ambiguities
and thus to obtain more accurate transliteration. Both
orthographic and phonetic information is considered.

It is not easy task of developing transliteration system
for different languages like English and Punjabi due to lot
of differences in syntax and vocabulary. Transliteration of
different languages pair is little bit difficult because there
are many factors that affect the result such as difference in
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Figure 2. Snapshot of Multi Script Text Transliteration System.
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Table 13. Result of Multi Script Text
Input Text

the 3TH HTGHT U today said that the sTardY
government economic policies were the same as pursued
by the earlier HEHIS ARY government, in a statement
39 leader professor H&HIZ AW said the people had
expected a cut in the ma and SISTel prices by the new
AT government, FIGT had promised the people to

Output Text

T WH weHt Ugel €3 A3 ©c € it aIegaie
2ISHIE Ui =9 € AH i UIHIES =8t € washg
HoNIS Al JIeIore, f£a W ASeHT WY 133 UdeAd
Hor3 Afy A3 T Mg I3 wlardaes v e fis €
UTI% W3 SFs YIeAd I8 € 318 Al JegasHe, Het
ést@ﬂﬂsemlmamzﬁ@aew@ﬂwézﬁwm
bring down the price of various commodities he pointed m t tf“ﬂ'fEEB wree, S ﬂé AS e € gdi
out, HQHT FET said that the hike in the 3ToTeT rates @EWWE'BWEE’WWEEW@B@’
would hit the farmers it would also lead to inflation which fdsedns <fg St I3 L@'ﬂﬂg < FICH, T WH nreHt
Sordr had promised to curtail, the 3T& 3TEAT gqIEer Wﬂ%ﬂ?%e@@%wmm%

leader said that the H\%H'E'T WAHE X a partner in the
dISdY government must ask the I3gX HIGT govern-
ment to bring down the 3TsTel and 9Tl prices

T St JRIGAT HAS WHY T Gded Hel dIRIaHe €
I IS T FHs Wiz VIS YIdAd
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