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Abstract : India is a linguistically rich country and extensive literature is available in many languages. Many people want to read and
admire literature available in these languages, but language becomes a barrier. Some people may understand a particular language, and
yet find the script difficult to read. In learning a new language, one of the first steps is learning the pronunciation of the various words.
To make learning Hindi pronunciation easy for a non-native speaker, the present work uses a UTF-8-based transliteration method to
transliterate from Hindi to Telugu by considering the distinct nuances pronunciation of both languages. Another hybrid transliteration
system is presented to transliterate English lexical words to Telugu using Hindi as a bridge language even without any English-Telugu
parallel database. The results for English to Telugu show that without using any new parallel database, transliteration systems can be
developed for English to other Indian languages by using Hindi as a bridge language. These systems can help in learning the
pronunciation of a new language and also allow the users to peruse the vast literature available in other languages.

Index Terms - Transliteration, Phrase based machine translation, UTF-8 based transliteration.

. INTRODUCTION

Natural Language Processing (NLP) is a vast research area. Works related to NLP may be broadly classified into two categories: (a)
development of language independent technologies and (b) development of language-specific technologies. In the first category various
techniques are developed to aid NLP problems based on mathematical or statistical modelling and open-source toolkits are also
developed like Moses for Statistical Machine Translation (Koehn et al, 2007) and Sequitur grapheme to phoneme converter using Join
sequence model (Bisani and Ney,2008). The second category deals with language specific monolingual or bilingual NLP tasks in which
language dependent tools are developed for NLP problems like transliteration of English words to Korean (Oh and Choi,2002), Hybrid
approach for English to Hindi machine translation (Gupta and Chatterjee,2017) to name a few.

India is a linguistically rich country and research work involving Indian languages has been pursued diligently. Computer processing
of Bangla language (Sengupta and Chaudhuri, 1993), Factor-based evaluation Machine-aided translation (Sinha et al., 1995), English-
Punjabi Machine Translation (Jindal et al., 2017), Factor-based evaluation for English to Hindi translation (Balyan and Chatterjee,
2018),Rule-Based Machine Translation system for Marathi to English (Kharate and Patil, 2019) and Neural machine translation
between Indian language pairs (Dewangan et al., 2021) are some of the prominent works in this concept.

The work presented in this paper belongs to the second category in which a language dependent transliteration system is developed
for transliterating Hindi lexical words to Telugu by considering the phonetic gaps between both the languages. Transliteration is the task
of converting a text written in the source language, to the target language, by preserving the phonetic properties of the source language
while following the pronunciation restrictions of the target language.

Learning pronunciation of a new language is one of the main steps in learning a new language. If a reader knows Telugu, then
having the Hindi words transliterated into Telugu can make the reading process easy as the reader will get the pronunciation for every
Hindi word in Telugu. This system will be helpful in transcribing literature available in Hindi and people trying to read a new language.
There are text to speech converters which can also help in this but due to the phonetic restrictions of the target language there will
always be touch of source language while learning pronunciation using text to speech tool. If a transliteration system is developed by
considering the phonetic gaps between the source and the target language and pronunciations of the source language’s lexical words is
given in the readers native language then better pronunciation can be learned. This idea leads to the present work where a script specific
transliteration system is developed for transliterating English to Telugu using Hindi as a bridge language where Hindi words are
converted to Telugu using UTF-8 based encoding.
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I1l. LITERATURE REVIEW

Many researchers in the past have attempted transliteration between English and Indian languages, but transliteration between Indian
languages is rare. Some relevant work done for transliteration between Indian languages including English is discussed in this section:

Kunchukuttan et al., (2021) used a LSTM based Encoder-decoder model for multilingual transliteration between English and Indian
languages based on orthographic similarities between Indian languages. In multi-lingual transliteration they observed an increase of 6-
7% when transliterating from English.

Dhindsa and Sharma, (2017) used a combination-based approach for transliteration of Named Entities from English to Hindi. Their
approach consists of mainly two steps: searching the words in a pronunciation dictionary and if the word is not found in the dictionary
then they transliterated the words based on some predefined rules.

Kunchukuttan et al., (2015) developed Brahmi-Net for transliteration between Indian languages using Phrase-Based Machine
Translation for training the transliteration system. They observed improved translation accuracy when using transliteration for out of
vocabulary words. They quoted the translation accuracy in terms of BLUE scores for 8 languages pairs which was between 6.58 to
71.26 and observed an increase in BLUE score of about 0.5 to 3 for different language pairs when using translation with transliteration.

Srivastava and Bhat, (2013) used a Statistical Machine Translation method using Moses and Giza++ to train the transliteration
model for Hindi to seven other Indian languages. They evaluated the results on two datasets and observed the word level accuracy of
27% and 34% for Hindi to Telugu transliteration. However they claimed that human evaluators gave an average score of 3.6 out of 4 for
Hindi to Telugu transliteration system.

Sowmya and Varma, (2009) proposed a transliteration-based text input method for Telugu based on edit distance. They used English
to Telugu transliteration for typing Telugu text.

Goyal and Singh, (2009) developed a rule-based transliteration system with 57 rules for Hindi to Punjabi transliteration. They
claimed that 200000 words from various domains were transliterated accurately.

I11. HINDI AND TELUGU

Hindi and Telugu are two distinct languages written using two very different scripts. Hindi is written using Devnagari Script, whereas
Telugu is written using Telugu script. Phonetically both languages are very similar, and most of the letters of both scripts can be
matched one to one. For Hindi letters, UTF-8 based encoding is e0 a4 ** and e0 a5 **, and for Telugu letters, it is e0 b0 ** and e0 bl
**_Here ** is the combination of English letters and numbers which represent a unique code for a particular letter of Hindi and Telugu.
Figure 1. shows some Hindi letters, their UTF-8 code, and their Telugu equivalents.

Letters Hindi UTF-8 | Telugu UTF-§
Letters Letters
Letter A(vowel) &l el a4 85 & el b0 85
Letter AA (vowel) a e( a4 86 ) e0 b0 86
Letter KA (consonant) £ el a4 95 g e0 b0 95
Letter KHA (consonant) €] e0 a4 96 20 el b0 96
Vowel sign (Modifier) o e( a4 be - e0 b0 be
A

Vowel sign (Modifier) I fi el a4 bf ? e( b0 bf
Vowel sign (Modifier) U & e0 a5 8l ) e0 bl 81
Vowel sign (Modifier) e0ad 82 e0 bl 82

U -

Fig.1. One to one matching of Hindi and Telugu letters along with their UTF-8 code

There are some phonetic gaps between Hindi and Telugu, which are as follows:

There are few extra vowels and vowels modifiers in Telugu which are not there in Hindi, so some of the Hindi vowels had to be
matched with the equivalent Telugu letters.

Letters with “Nukta” (a diacritic which changes the pronunciation of a letter and is represented by a dot below the letter) in Hindi are
used to write loan words. In Hindi, some of the loan words are written by adding “Nukta”(a dot below the consonant) these letters are to
be matched with the equivalent sounding letters in Telugu as “Nukta” is not present in Telugu.

In Telugu, when the last letter of a word is a consonant, it is pronounced by adding a “long a” sound to it. This affects the
pronunciation of a transliterated Hindi word in Telugu. So in the transliterated Telugu output if the last letter of the word is a consonant
it should be converted to its equivalent half consonant.

These gaps are identified between Hindi and Telugu, and the Hindi words are transliterated by considering these pronunciation gaps
between the two languages
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IV. METHODOLOGY USED

In the present work a hybrid system is presented for English lexical words to Telugu transliteration. For this purpose, first English to
Hindi transliteration is done using a Phrase Based Statistical Machine Translation model trained for English lexical words to Hindi
transliteration using the same database and settings described by Mogla et al, (2021). The transliterated Hindi words are further
converted to Telugu using UTF-8 based encoding. By using Hindi as a bridge language between English and Telugu. English to Telugu
transliteration is performed without using English-Telugu parallel database.

English to Hindi Transliteration: English is a language having diverse rules for pronunciation for letter and grapheme. Same letter
be it a vowel or a consonant often have different pronunciations when they appear in different words.Some times same letter is
pronounced differently when it appears more than once in a word. For example, in the word “doctor” (dokta(r))oald “letter 0 appears
twice with two different pronunciations “p” and “5”. Mogla et al, 2021 created an English-Hindi parallel data base of around 2000
English lexical words by considering the diversity in English pronunciation and trained a transliteration system using Phrase-Based
Statistical Machine translation system using Moses (Koehn et al., 2007) and Giza++ (Och and Ney, 2003) for English to Hindi
transliteration using a small and diverse training data. They segmented the words letter wise for training and testing and after some
script specific post processing used another parallel database of 100 most frequent English words for direct transliteration of the test set.
Their transliteration system was tested on five short stories. In the present work for English to Telugu transliteration, instead of
developing a parallel database for English to Telugu transliteration, Hindi is used as a bridge language. The outputs generated for the
English to Hind transliteration system for two stories given by Mogla et al. (2021) are further converted to Telugu using UTF-8 based
encoding.

Hindi to Telugu Transliteration: For Hindi to Telugu transliteration UTF-8 based conversion is used. Some of the Hindi letters
and modifiers are matched to their equivalent sounding characters rest are matched with their equivalent UTF-8 code by changing a4 to
b0 and a5 to bl in the UTF-8 code. Figure 2. shows the letters of Hindi and their equivalent similar sounding Telugu letters considered
during this work for transliteration.

Hindi Letter Considered Equivalent Telugu letter
Letter FA % Letter PHA a3
Letter ZA El Letter JA 33
Letter O | Letter O 2
Letter AU il Letter 0O 5
Letter Chandra O i Letter AU T
Modifier O o Modifier O e
Modifier AU ot Modifier 00 ]
Modifier Chandra O o Modifier AU =
Letter DDDHA g Letter DDA &

Purna Viram (full stop) | Full stop

Fig.2. Hindi letters and their similar sounding letters considered during transliteration

V. RESULTS AND CONCLUSION

Two Hindi paragraphs are taken from the Hindi Wikipedia page (Hindi Wikipedia) and are transliterated to Telugu using UTF-8 based
conversion. The outputs generated are given to Human evaluators who are familiar with both languages and are asked to evaluate the
transliteration accuracies. The evaluators returned around 100% transliteration accuracy with the phonetic restrictions of the target
language and considering the phonetic gaps between the source and target languages. Figure 3 shows the input Hindi paragraphs and
their Telugu transliteration.
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Fig. 3 Telugu Transliterated Output for Hindi Input paragraph

Two of the stories transliterated in Hindi by Mogla et al., (2021) are used for English to Telugu transliteration. Their outputs are
further converted to Telugu using UTF-8 based transliteration. Telugu outputs, along with the English stories, are given to experts
familiar with English and Telugu. The outputs are evaluated by considering two categories of transliterated words: wrong transliteration
and phonetically similar transliteration.

Table 1 shows the accuracy of the English to Telugu transliteration system. Figure 4. shows the Telugu output of the second English
story (from ‘Gutenberg E-Book of Aesop’s Fables’), and the wrong transliteration is highlighted by yellow color. Accuracies for Telugu
outputs are the same as the accuracies reported by Mogla et al., (2021) for English to Hindi transliteration.

Tablel: Accuracy for English to Telugu transliteration using a hybrid approach

Story Wrong transliteration Phonetically similar or | Accuracy
correct transliteration

Story 1 17 134 88.74%

Story 2 23 194 89.40%

The results obtained by using an English to Hindi transliteration system for English to Telugu transliteration show good accuracies.
The same system can be used to transliterate English lexical words to other Indian languages using Hindi as a bridge language and by
identifying the pronunciation gaps between Hindi and the target languages without developing any new parallel database. As English is
developing as one of the most popular second language for people having different mother tongue, a transliteration system from English
to Indian languages can help in learning the pronunciation of English lexical words for better learning of the language.

Pronunciation gaps between Indian languages other than English can also be identified to develop a transliteration system between
them using UTF-8 based transliteration. These systems will enable non-native speakers to learn the pronunciation of a new language
and admire the literature of a language which a user can understand but cannot read.
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THE HARE AND THE TORTOISE E rea m§ B il

A HARE one day made himself merry over the slow pace of the

Tortoise, o reb 55 & 38 rdyd) 28 2365 1 TS E Tk,
vainly boasting of his own great speed in running. 3@1 Fho TEaE ?-555?\3;)5 5 890 .

The Tortoise took the laughing and boasting in good part. “Let ustry a

race,” she said; “I will run with you five miles for five dollars, and ETeh kB w&om§zﬁ‘§o 5 108 a5 . aﬁaﬁé o

the Fox out yonder shall be the judge.”
85,7 836 ; “edh 55 65 25 aor 35 298 276 35 Tees , 5

The Hare agreed, a course was arranged, and away they started together. Sy n
True to his boasting the Hare was out of sight in a moment. By end JAL |

The Tortoise never for a moment stopped, but jogged along witha slow, | & 2reb 6, o #h I8 0d] 05 3 3 388 wisb .

steady pace, straight to the end of the course. Full of sport, the Hare

first |5uu$ran the TbEnDlSE, then fell behind. Having cnmgi midway to the | %0 &7 Mﬁ‘?&x’ & reb 3565’535"&0% 2 mm"é :
goal, he began to nibble at the young herbage, and to amuse himself in
many ways. After a while, the day being warm, he lay down foranap, | g @ 53526 o W 6, o5 858 oFo 0B o
saying: “She is behind me now. If she should go by, I can easily enough "

catch up.” %:33)50 ,géwB@ESEE‘%.@&ES%&S,EMS
36y, 2485 & uh , 386 adhy, . o ¥5 g wr &

‘When the Hare awoke, the Tortoise was not in sight; and mnning as fast

as he could, he found her comfortably dozing at their goal. 76 o uradaf & qfuoﬁwﬂﬁ m§ dar 8&1)1‘555‘«3-2)% a0
Those who are very quick ar apt to be too sure. Slow and steady often | <20 3 . EQE = m:srjn Bl daorh rEEsFEod,
wins the race. b 8 ah ey, Bare . 2h 8 08 Fardd, edh 35 b atd

308 reb 98, & Fuh T8 T w0 ) 10 Ko o8 pp
off b %5 , I 2.5 76 45558 o off Beb FS.

FEoreb B&Sebayurs &6 o) pATH
25,585 .

Fig.4 Telugu transliteration of English story
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