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ABSTRACT

One of the important applications of Natural Language
Processing is machine translation. Machine transliteration is an
emerging and a very important research area in the field of
machine translation. Translation systems translate message from
source language to target language, keeping the exact meaning.
While the transliteration system finds the same meaning
word/sentence in another language, the transliteration helps us to
pronounce them. This paper addresses the transliteration process
from Hindi to Punjabi language using a rule based approach.
Transliteration is more phonetic process, thus both source
grapheme and its sound in the correct pronunciation of word
have been considered for rule formation to achieve high
performance and more accurate results. The system is tested on
news domain text and achieved accuracy of 97%.
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1. INTRODUCTION

Transliteration is the conversion of a text from one script to
another and thus a process of representing words from one
language using the approximate phonetic or spelling equivalents
of another language. Machine transliteration can play an
important role in natural language processing applications,
especially for handling proper nouns, technical terms and out of
vocabulary words. Machine translation (MT) is the process that
takes a message in a source language and transforms it into a
target language, keeping the exact meaning. Hence, words and
their underlying structures are supposed to change as per
grammatical rules of target language, but the meaning must
remain unchanged. Transliteration is different from translation.
In other sense while translation tells the meaning of the word in
another language, transliteration helps to pronounce them.
Usually, transliteration is used to obtain phonetic equivalents in
a target language for a given source language word.
Transliteration is meant to preserve the sounds of the syllables in
words. Transliteration is helpful in situations where one does not
know the script of a language but knows to speak and understand
the language nevertheless. This paper presents the rule based
approach adopted to develop a Hindi to Punjabi transliteration
system that can transliterate Hindi text into equivalent Punjabi
text. Transliteration is more phonetic than orthographic so
transliteration occurs on the basis of pronunciation. Thus we
have considered both orthographic and phonetic information.

The remainder of this paper is organized as follows. Section 2
describes the related work done in machine transliteration.
Section 3 introduces about the approach followed for
transliteration. We described basic character to character
mapping and rules for transliteration in sections 4. Experimental
Results are discussed in section 5. Finally, we have concluded it
in section 6.
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2. RELATED WORK

Significant work in the field of machine transliteration has been
done for Indian as well as foreign languages. Three approaches
for transliteration being used are: Grapheme based models;
Phoneme based models and Hybrid models [10]. Knight and
Graehl (1998) have developed a phoneme based statistical model
using finite state transducer that implements transformation rules
to do backward transliteration. They have proposed method for
automatic backward transliteration that can be used for
transliteration of words from Japanese back to English [9]. Lee
and Choi (1998) have presented a statistical transliteration model
for the transliteration from English to Korean. They have
compared two SMT based methods i.e. direct method and pivot
method. After comparison they have proposed a hybrid method
that is more effective for transliteration [11]. Oh and Choi
(2002) have proposed English to Korean transliteration system
using pronunciation and contextual rules. They have used
phonetic information such as phoneme and its context as well as
orthography [13]. Malik (2006) has developed Punjabi Machine
Transliteration System (PMT) that is used to transliterate words
from Shahmukhi script to Gurmukhi script. The Punjabi
Machine Transliteration System uses transliteration rules
(character mappings and dependency rules) for transliteration of
Shahmukhi words into Gurmukhi [12]. Saini and Lehal (2008)
have proposed a corpus based transliteration system for
Shahmukhi script to Punjabi language. The transliteration system
has been tested on a small set of poetry, article and story. The
average transliteration accuracy of 91.37% has been claimed
[14]. Goyal and Lehal (2009) have proposed system in which
Hindi words are transliterated into Punjabi words. They have
implemented complex rules for accurate transliteration between
Hindi-Punjabi language pair. The system has been tested on
various domains like proper names, city names, country names,
river names etc. and gives accuracy of about 98% [4]. Josan and
Lehal (2010) have presented a novel approach to improve
Punjabi to Hindi transliteration by combining a basic character
to character mapping approach with rule based and Soundex
based enhancements. There are some characters in Hindi for
which no rule applies. For generating these characters, the
Soundex technique has been employed. Soundex is a phonetic
matching technique [6]. Kaur and Josan (2011) have proposed a
system that addresses the issue of statistical machine
transliteration from English to Punjabi using MOSES that is a
statistical machine transliteration tool. After applying
transliteration rules average accuracy of this transliteration
system comes out to be 63.31% [8]. Deep and Goyal (2011)
have proposed a transliteration system that addresses the process
of forward transliteration of person names from Punjabi to
English by set of character mapping rules using grapheme based
method and achieved accuracy of 93.22%. The system is
accurate for the Punjabi words but not for the foreign words [2].
Josan and Kaur (2011) have developed a statistical model that is
used for transliterating Punjabi text into Hindi text. The
statistical method has achieved 87.72% accuracy rate [5]. Dhore
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et al. (2012) have focused on the specific problem of machine
transliteration of Hindi to English and Marathi to English using a
phonetic based direct approach. They have developed a rule
based phonetic model using linguistic approach. Total 15,244
named entities are tested and the accuracy of the proposed
system is 74.14% [3]. Joshi et al. (2013) have proposed system
that can do transliteration from Roman script to Devanagari
script. Statistical machine learning approach was used for
transliteration. The syllable theory has been used as basis for
transliteration [7]. Vijaya et al. (2009) have developed English to
Tamil Transliteration system and named it WEKA. They have
demonstrated a transliteration model based on multi class
classification approach for English to Tamil transliteration. It is a
Rule based system. The transliteration model produced an exact
transliteration in Tamil from English words with an accuracy of
84.82% [15]. Bhalla et al. (2013) have proposed rule based
transliteration scheme for English to Punjabi. Some rules have
been constructed for syllabification which is the process to
extract or separate the syllable from the words. In this
probabilities are calculated for name entities (proper names and
location). The proposed approach has attained accuracy of
88.19% [1].

3. METHODOLOGY

The proposed system for Hindi to Punjabi transliteration follows
rule based approach. Some rules are made depending upon the
pattern of the sentences that can be given as an input. These
rules are applied to the input sentence and the sentence gets
transliterated according to that matching rule.

A machine transliteration model should reflect the dynamic
transliteration behaviors in order to produce the correct
transliterations thus we have considered both source grapheme
and phonetic information to achieve high performance and more
accurate result. That is, Hindi character(s) is mapped to Punjabi
character(s) via the spoken form associated with the word.

Phonetic transliteration also works according to the
transliteration rules. First of all Hindi words are segmented into
Hindi transliteration units. Figure 1 shows the word ‘F#Hdd’
in source language is segmented into source language
transliterated units ‘&, ‘&, o, 7", ‘T’ and .

HAAST

FAHAST T
Figure 1. Segmentation of Source Language Word

After the segmentation of source word, transliteration rules are
applied to various character combinations. First of all each
character of Hindi language is mapped to the character of
Punjabi language according to the matching rules. Direct
mapping is applied to rest of the characters. Surrounding
characters are also considered for more appropriate
transliteration. Figure 2 shows transliteration of Hindi
transliterated units to Punjabi.

‘FCH ‘I’ 3T ":f‘T, T

IHSAS

Figure 2. Transliteration of Source Language Transliterated
Units
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4. DESIGN AND IMPLEMENTATION
4.1 Hindi-Punjabi Character to Character
Mapping Rules

Because Hindi and Punjabi are related languages due to lots of
similarities in syntax and vocabulary, the sound of most of the
letters is same in both scripts. Table 1 show that most of the
letters have one to one correspondence, so this table also forms
the base for direct mapping [4].

Vowels in Hindi also have one to one correspondence with
Punjabi vowel symbols. The vowel diacritics are used to indicate
that a vowel is attached to a consonant. The full vowel form is
used when the vowel occurs alone, at the beginning of a word, or
after another vowel. In other words, the full vowel form is used
whenever there is no consonant for the vowel to attach to. The
corresponding vowel mapping in Hindi to Punjabi is shown in
Table 2 and 3.

Table 1. Hindi-Punjabi Consonant Mapping

o k) el 12) E
d Yy d1 Y 2
T (3 T ) El
g k=1 g
< ) g [ oT
< [ El = T
a o g 3y T
3 g ) g o)
q % El H qH
Yy < q g
RJ) T of d g
el d < E1
A ke T ')
il H a1 =
G 4 &
J
Table 2. Hindi-Punjabi Full Vowels Mapping

3m 3 S

nr fe & €
3 T 4 3 3
g g 0 & w
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Table 3. Hindi-Punjabi VVowel Diacritics Mapping

of = 5 o] 2
o fis & o o
3 A or o}

The major problem in machine transliteration system is
ambiguity. Direct transliteration or direct character-to-character
mapping does not provide any solution for ambiguity. There is
need to develop rules for such types of problems and for more
accurate transliteration.

4.2 Rules for Ambiguity Resolution

The critical problem with transliteration system is ambiguity that
refers to more than one transliteration of source word.
Ambiguity is explained as the problem that a source language
word can have more than one possible transliteration. Hindi
words may have more than one representation based on the
perception of the transliterator. For example Hindi word ‘<ara”
can be represented in Punjabi as ‘fimm, b, e, uerae,
Only first representation, when again transliterated back into
Hindi, converts to the correct representation. Rules for resolution
of ambiguity are based on the character sequences. There is need
to refer to the surrounding characters for correct transliteration.
Most of the ambiguous words are resulted due to the presence of

Hindi consonant ‘T’. The following rules are proposed to handle
this problem.
Rule 1: if ‘T’ is at first position then it is transliterated to ‘T’.

For example, ATlga>W<<

Rule 2: if <@’/ T/ AT/ AT are at last position then they are
transliterated to €’/ <€/ w/ ‘€ respectively. For
example, HRIAY FRAR->AINEG/ argeret

Rule 3: if ‘I is preceded by half character then “IT" is
transliterated to f’+™. For example, SOTa->flmire

Rule 4: if <@ is followed by </ “wr/ ¥/ ¥ then ‘T’ is
transliterated to f&°. For example, T ETIEY TIdl/
ST/ SRNFET> AATESY Agfesy ©rfed/ Ifeddeg

Rule 5: if ‘T’ is followed by ‘f&” then ‘@’ is transliterated to
‘€. For example, T A& > IAE S

Rule 6: if g1 is preceded by ‘T’ then “IT is transliterated to
&+ For example, STIMRAT> BJTfenT

Rule 7: if <& is preceded by f&7/ <X then ‘F3/ ¥ and =T
are transliterated to '+ For example, IraT>3Mmr

Rule 8: if ‘g’ is preceded by half character then I’ is
transliterated to ‘f:+@". For example, 7=g>fs@
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Rule 9: if ‘g’ is preceded by half character then I’ is
transliterated to f:*+@". For example, =g->fe@

Rule 10: if ‘OT" is preceded by I’ then ‘I is transliterated to
2. For example, TRIIUT> &Ifee

Rulell: if <& is preceded by half character then &I is
transliterated to “f’+€”. For example, FIR>TIET

Rule 12: if second and last character is “IAT” and previous is

consonant then “IT° is transliterated to “f’+. For

example, IAT>famir

Rule 13: if there is ‘&, previous character is “<T’/ <P and
second previous character is consonant then ‘I’ is
transliterated to fo. For

U/ RIIAT-> U e /S fasr

example,

Rule 14: if there is ‘T, previous character is ‘f3 and second
previous character is half character then ‘I is

transliterated to “». For example, TZrrr->fpfer

Rule 15: if ‘I is preceded by half character then ‘I’ is
transliterated to “»”. For example, qEI>fer3

4.3 Rules for Middle Vowel Character in
Word

In Hindi vowels are mapped to different characters based on
their position in the word. The surrounding characters also affect
their mapping in target language. Examples of such vowels are

“fi, <, < and <. Hindi vowel ‘f** is not always mapped to

“f’. Sometimes it is mapped to “<}” according to its position and

surrounding characters in a given word.

Rule 1: if g is preceded by 3’ then 2’ is transliterated to “f+".
For example, Bgd>fHa3

N>

Rule 2: if T is preceded by ‘¥’ then is transliterated to

“fx. For example, daR->f3nrg

Rule 3: if ‘g” is followed by ‘’ then ‘8 is transliterated to S,
For example, #FEPT>HIIgH

Rule 4: if f» is followed and preceded by ‘=T’ then ‘f is
transliterated to *<}*. For example, STfaarg->A3te<

Rule 5: if current and previous character is “f’ then current ‘f»’

is transliterated to ‘<Y’ For example, AfasT->fadts

Rule 6: if fo is preceded by half character then “fr is
transliterated to ", For example, 3IFaqar->n@rdhug
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Rule 7: if “f is at second last position and “TT” is at last then
“fi’ is transliterated to *<F”. For example, TRIAT-> S5

Rule 8: if ‘f is at last then it is transliterated to ‘<. For

example, AfT>AMEST
4.4 Rules for Half Words

Unicode does not encode half or subjoined letters for the
Devanagari scripts. Unicode forms all consonant clusters (such

as the “ceT” in “Ucell”) by inserting the character “Virama” or
“Halant” (‘") between the two relevant consonant letters. There

is no special character present in Hindi for duplication of sound
of a consonant. In Hindi sound duplication is represented by half
character form consonants. But in Punjabi ‘Adhak’ is used to
duplicate the sound of a consonant. The mapping of half
character in target language is greatly depends on the next
character combination.

Rule 1: if half ‘&’ is followed by ‘@’ then it is transliterated to
7, For example, AFEI>HeR

Rule 2: if half ‘37" is followed by ‘&’ then it is transliterated to
“#*. For example, #FIT>HY

Rule 3: if half ‘= is followed by ‘& then it is transliterated to
“7*, For example, 3TaT-> 8T

Rule 4: if half 31" is followed by ‘ST” then it is transliterated to
", For example, ASST>HS

Rule 5: if half ‘€ is followed by ‘3’ then it is transliterated to
>, For example, HEOHS

Rule 6: if half “d”’ is followed by ‘¥’ then it is transliterated to
«+*. For example, 9caR>Uegd

Rule 7: if half ‘@ is followed by “&I” then it is transliterated to
‘. For example, §§->ET

Rule 8: if half ‘9" is followed by ‘%’ then it is transliterated to
“«*. For example, TTh->J<

Rule 9: if half ‘s’ is followed by ‘31 then it is transliterated to
«*. For example, ole1> 33

Rule 10: if half character is followed by full character and both
characters are same consonants then half character is

transliterated to “<:*. For example, HgsId>HIES

4.5 Rules for Nasalized Characters

Nasalization in Hindi is presented by anusvara, chandrabindu
and some nasalized consonants, as shown in Figure 3.
‘Anusvara’ and ‘chandrabindu’ are written over the horizontal
line of vowel or consonant it is attached to. Commonly used
nasal character in Hindi is ‘Anusvara’ (‘<’). In the Devanagari

script, ‘Anusvara’ is represented with a dot (bindu) above the
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letter e.g. “¥’. Gurmukhi has two separate nasal characters,
‘Bindi’ (“3”) and “Tippi’ (‘).

v

Anusvara Chandrabindu

Figure 3. Hindi Nasalized Characters

Nasal character ‘Anusvara’ of Hndi is mapped to either
‘Bindi’ or ‘Tippi’ in Punjabi according to the matching rules.

Rule 1: if “<* is not preceded by 3/ &/ «wpr/ </ «wp/ b
then “<’ is transliterated to “*. For example, #FI>H3dT

Rule 2: if < is at last position in a given word then it is
transliterated to <+*. For example, SrRRI>Efed

Rule 3: if “<» is preceded by <2/ </ «ap/ <P/ «c¥/ <} then
2 is transliterated to <. For example, ®AT->SISH

Rule 4: if “c” is preceded by ‘3’/ “/ ‘consonant’ then “” is
transliterated to *z°. For example, Hhe>HeT

In some words containing long vowels (e.g. ‘3T and ‘3’),

the nasalization dot is accompanied by a small moon (‘-ii\';’). This

sign is called ‘Chandrabindu’. It usually means that the previous
vowel is nasalized. It is not a part of standard Hindi.
‘Chandrabindu’ is also mapped to either Punjabi ‘Bindi’ or
‘Tippi” according to following matching rules.

Rule 1: if “3 is preceded by “’/ </ ‘consonant’ then ‘3 is
transliterated to ‘< otherwise it is transliterated to ‘<.

For example, éi%g

Rule 2: if “3 is at last then it is transliterated to ‘<. For
example, FE>TAI

Commonly used nasalization consonants in Hindi are ‘H’,

‘eI’ and ‘UT°. When written with vowels or half character form

then they are either mapped to ‘Bindi’ or ‘Tippi’ in Punjabi.
These characters are transliterated according to following
matching rules.

Rule 1: if half ¥/ half ‘7" are preceded by ‘ar/ v/ «aib/ </
%/ <Y then half ‘&’/ half ‘a0 are transliterated to ‘.

For example, Fleg->SIH

Rule 2: if there is half ‘A’/ half ‘e’/ half ‘OT" then it is
transliterated to “, For

Tear/afPsa>uanifss

example,

4.6 Rules for Common Conjunct Consonants

Use of conjunct consonants is limited in Punjabi. Three
consonants are used in Punjabi as conjuncts. The three conjunct
consonants are called paireen ‘haahaa’, ‘raaraa’ and ‘vaavaa’,
as shown in Table 4. Conjuncts are created using a Devanagari
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like ‘Halant’. Thus, if you wish to type ‘Y’ you would enter
(‘U’), Halant (‘<2’) and finally (‘3).

Table 4. Gurmukhi Conjunct Consonants

Hindi Punjabi Punjabi Punjabi
Word Conjunct Mapping Word
Consonants
gets -y B+ a+d g9583
el < H+o+8 I
op=s o« Yy+a+9 P

There are conjunct consonants in Hindi that have no direct
mapping in Punjabi. These letters will never be mapped in Hindi
to Punjabi transliteration using a direct mapping approach. They
are mapped according to the rules. A conjunct consonant is a
combination of two or more consonants which are pronounced
together without the pronunciation of the inherent ‘a’ vowel
between them.

The groups of conjunct consonants in Hindi are forms that are
quite distinct from the consonants they are formed from. Table 5
shows common conjuncts used in Hindi and their corresponding
Punjabi mapping.

Table 5. Hindi Conjunct Consonants Mapping

Hindi Hindi Conjunct Corresponding
Characters to Consonants Punjabi Characters
form Conjunct

F+o+V a1 I+H
T+o+T F far+w
Fro+d R J+3
T+o+3 E) 3+3
T+o+d a3 T+T
q++3 = H+d
Gt+u+g E G+
G+o+ 3 S+

5. PERFORMANCE EVALUATION

The evaluation of machine transliteration system can be found
using Word Accuracy Rate that is the percentage of correct
transliteration from the total generated transliterations by the
system. It is used to compute the performance at word level. The
system is successfully tested on news domain of more than
10,000 words and other domains like names of persons,
locations, institutes etc. Table 6 shows the result obtained. The
word accuracy rate for Hindi to Punjabi transliteration is found
to be 97%.

Table 6. Result of Proposed System on News Domain

Input Text

UeT: TASEY SToldl Gel o GMAT o] Ired o fagr
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& FEgHEN AN FAR & @ord fFarfed s@e &
ym%ﬁﬁé‘rmﬁrwﬁﬁaﬁmwlm
F T fF A I g fr o o # 93
fAwct ar & 39 3 gEY T aE ¥ S
IRTeT § F 9 G ggar fogrR & anlt & dwaw
#g & ofaae &1 999 X ARAT SAar 9t
(aTTSTaT) & g TS Jrewet Afae aswd fFae s
Y fer uTl TsT A YoAT TER B Y TSR A
TGT HISIT & YA HIAT H FAGIAT TFHold &
gt FgT a1 T R & e & duav 7 Sfaarg
¢ SAfIT T Fo T SAfaaE H AT A FA
gl

Output Text

UTE" THST AG3T €8  IH g wee & o9 /@
3T 35t g 3 s feafes faws €3 g8 aar
fa A& &t A5\ g  Jer oo &) B8 & FT7 I Y9
U3 I3 3 A3 998 o 07 534 3 A §R Ot mqe
I9H IS A Ao 27| dig3se I 9 83 fos uad aog a
3d 3 M A F AT T s AT IS 763"
Ugel (3Hun) d YyIL JIHesl witeH 631 asest
feee uzr g9 € | 9 W gae yId s3I e
JFSST & T IHU X YSH TS H Aee s ARGs
B9 g ¥ g fggg a 34t 3 Fgse A Adiee I
foAfs? wat g8 B9 Ar3iee &t fiwrer 513 993 J

6. CONCLUSION

This paper describes the approach adopted to develop the Hindi
to Punjabi transliteration system using a rule based approach.
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 of
Hindi language is considered. Phonetic transliteration is
followed to generate Punjabi equivalent of Hindi that works
according to the transliteration rules.

Rules are also constructed according to the position of the
vowels in the word. Surrounding characters in a given word are
also considered for more accurate transliteration. In Hindi
language, most of the words are written with half character form
and conjunct consonants that have no direct mapping in Punjabi.
These characters are mapped to equivalent Punjabi characters
according to the proposed rules. The system is tested on the
news domain and other domains and it is providing promising
results.

7

REFERENCES

[1] Bhalla, D. and Joshi, N. (2013), “Rule Based

Transliteration Scheme For English To Punjabi”,
International Journal on Natural Language Computing, Vol.
2, No. 2, pp. 67-73.

[2] Deep, K. and Goyal, V. (2011), “Development of a Punjabi

to English Transliteration System”, International Journal of

46



(3]

(4]

(5]

(6]

(7]

(8]

Computer Science and Communication, Vol. 2, No. 2, pp.
521-526.

Dhore, M., Dixit, S. and Dhore, R. (2012), “Hindi and
Marathi to English NE Transliteration Tool using
Phonology and Stress Analysis”, in proceedings of 24"
International Conference on Computational Linguistic,
Mumbai, India, pp. 111-118.

Goyal, V. and Lehal, G. (2009), “Hindi-Punjabi Machine
Transliteration System (For Machine Translation System)”,
George Ronchi Foundation Journal, Italy, Vol. 64, No. 1,
pp. 1-7.

Josan, G. and Kaur, J. (2011), “Punjabi To Hindi Statistical
Machine Transliteration”, International Journal of
Information Technology and Knowledge Management, Vol.
4, No. 2, pp. 459-463.

Josan, G. and Lehal, G. (2010), “A Punjabi to Hindi
Machine Transliteration System”, Computational
Linguistics and Chinese Language Processing, VVol. 15, No.
2, pp. 77-102.

Joshi, H., Bhatt, A. and Patel, H. (2013), “Transliterated
Search using Syllabification Approach”, Forum for
Information Retrieval Evaluation, Delhi, India.

Kaur, J. and Josan, G. (2011), “Statistical Approach to
Transliteration from English to Punjabi”, International
Journal on Computer Science and Engineering, Vol. 3, No.
4, pp. 1518-1527.

IJCA™ : www.ijcaonline.org

International Journal of Computer Applications (0975 — 8887)
Volume 114 — No. 8, March 2015

[9] Knight, K. and Graehl, J. (1998), “Machine
transliteration”, in proceedings of the 35™ annual meetings
of the Association for Computational Linguistics, Madrin,
Spain, pp. 128-135.

[10] Kaur, K. and Singh, P. (2014), “Review of Machine
Transliteration Techniques”, International Journal of
Computer Applications, Vol. 107, No. 20, pp. 13-16.

[11] Lee, J. and Choi, K. (1998), “English to Korean Statistical
transliteration for information retrieval”, Computer
Processing of Oriental Languages, Vol. 12, pp. 17-37.

[12] Malik, M. (2006), “Punjabi Machine Transliteration”, in
proceedings of the 21% International Conference on
Computational Linguistics and 44™ Annual Meeting of the
ACL, Sydney, pp. 1137-1144.

[13]Oh, J. and Choi, K. (2002), “An English-Korean
Transliteration Model Using Pronunciation and Contextual
Rules”, in proceedings of the 19" International Conference
on Computational Linguistics, Taipei, Taiwan, pp. 758-764.

[14] Saini, T. and Lehal, G. (2008), “Shahmukhi to Gurmukhi
Transliteration System: A Corpus based Approach”,
Research in Computing Science (Mexico), Vol. 33, pp. 151-
162.

[15] Vijaya, M.S., Ajith, V.P., Shivapratap, G. and Soman, K.P.
(2009), “English to Tamil Transliteration using WEKA”,
International Journal of Recent Trends in Engineering, Vol.
1, No. 1, pp. 498-500.

47



