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Abstract: In the last two decades, the transliteration system has 

got significant research attention. It is observed that Punjabi to 

English transliteration for all type of part-of-speech words is 

comparably less studied. Currently, some research work in this 

area is carried out but only for proper nouns and some technical 

terms. So, there is need to focus on all type of words. The 

Gurmukhi to Roman transliteration (GRT) system is the first 

proposed system for transliteration of all kind of part-of-speech 

words. This system uses the handcrafted-rules and character 

mapping (CM) approach for transliteration between languages 

involved. The CM is done for Gurmukhi script with its equivalent 

to Roman script. It transliterates text written in Punjabi language 

into English language. It is tested on 65,130 Punjabi words and 

achieved accuracy of 99.27%, which is better than other 

state-of-art system results. The developed system can be used in 

social media text normalization, translation, sentiment analysis of 

multilingual text, text summarization of multilingual text, etc. 

Index Terms: Transliteration, Gurmukhi script, Roman script, 

Character mapping, Handcrafted rule. 

I. INTRODUCTION 

The youth aged between 15-24 are using internet such as 94% 

in developed, 67% in developing and 30% in least developed 

countries. Out of 48% of the total world population using 

internet, 70% of the total youngster aged between 15-24 

years age group are among internet users [1]. Nowadays, 

social media has become the part of people’s daily life. The 

content generated on social media has exponentially 

increased [2] and contain multilingual text [3]. The content 

written on Facebook , more than 33% comments are written 

using phonetic text and more than 38% comments are written  

using code mixed phonetic text (bilingual) [4]. These text do 

not follow any standard spelling rules, but are based on the 

pronunciation of the words [5]. So, the development of 

phonetic dataset(s) is required for the text mining, opinion 

mining, information retrieval, feedback analysis, business 

intelligence, data analytics, etc. Transliteration is a process in 

which mapping is done for a word written in a 

language-script to another language-script. For example, 

Punjabi words ਘਰ and ਕਲਮ are equivalent to English words 
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ghar and kalam, respectively [6]. Transliterating a word from 

its origin language to another (target) language is called as 

forward transliteration, but when transliterating a word 

written in another language back to its original language is 

known as backward transliteration [6].  The transliteration of 

a word from source language to target language with same 

sound of pronunciation as a source word sound is called as 

phonetical translation (transliteration). The transliterated 

words in the target language are known as out-of-vocabulary 

or sometimes out-of-dictionary word. A general approach for 

transliteration is to create character (alphabets) sequence 

mapping rules or set of CM between both languages 

involved. The translation system translates source text to 

target text with same meaning but may have different 

pronunciation of words in both languages and this translation 

system was first time attempted during the World War II. The 

automatic translation system for almost all languages has 

been developed after two–three decade of that war [7]. The 

problem occurred in translation system, when word appeared 

as proper nouns or technical words,  so  to tackle this problem 

transliteration system was developed and considered to be 

part of translation system [8].  

In recent years, script transliteration has been considered 

as significant research in area of machine translation [9]. 

There are three main approaches which are used for script 

transliteration such as grapheme, phoneme and hybrid-based 

[9], [10]. A grapheme is the basic unit of written language, 

which includes characters (alphabets), punctuation marks, 

numerals and all the individual symbols of that writing 

language system. For example, the word “she” contains three 

graphemes (i.e. ‘s’, ‘h’ and  ‘e’) [11]. In grapheme-based 

approaches, transliteration is seen as a process in which 

mapping of grapheme (character) sequence from a source 

language to target language without considering the 

phoneme-level processes. The grapheme-based models 

directly transliterate from source language graphemes to 

target language graphemes. The grapheme-based approaches 

are classified as rule-based, statistical machine 

transliteration, hidden markov model, finite state transducer 

based models, etc. [9].  A phoneme is the smallest unit of 

speech that distinguishes meanings. For example, if the 

sound [p] substituted with sound [b] in the word “pig”, the 

word changes to “big”. Hence here /p/ is a phoneme. In 

phoneme-based approaches, the mapping from source 

language graphemes to 

source language 

phoneme(s), source 

language phoneme(s) to 
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target language phoneme(s), target language phoneme(s) to 

target language graphemes is done. In hybrid approaches, the 

both grapheme and phoneme models are combined [6]. 

Abbas Malik [12], the author has developed a “Punjabi 

Machine Transliteration” system using CM and dependency 

rules for transliteration of Shahmukhi words into Gurmukhi 

words. The author has used 45,420 words for testing of 

proposed system and claimed an overall accuracy of 98.95%. 

Komal Deep and Vishal Goyal [13], developed a 

transliteration system which translates proper names and 

technical terms from Punjabi to English language. This 

system is based on the grapheme method. They used direct 

mapping of vowels and consonant along with some 

developed different rules. The system is tested on two 

datasets; first on person names with accuracy of 95% and 

second dataset includes city names, state names, river names 

with accuracy of 91.40%. The overall accuracy of the system 

is 93.22%. Pankaj Kumar and Vinod Kumar [14], they have 

developed statistical machine transliteration system to 

transliterate proper nouns of Punjabi language into its 

equivalent English language. They have tested their system 

on 2000 names with accuracy of 97%. Manpreet Kaur [15], 

presented machine transliteration system for transliteration of 

Punjabi proper nouns into English language. The author has 

tested her proposed system on 5000 Punjabi names and 

claimed accuracy of 95.69%. There are two main technique 

used for language transliteration such as statistical-based and 

rule-base transliteration. As per research articles [16]–[21] 

and [6], statistical techniques work well for the resource rich 

languages while rule-base transliteration work better for the 

resource scarce language. So, the proposed system in this 

article based on handcrafted non-probabilistic character 

mapping rule-based transliteration from Gurmukhi script to 

Roman script. All characters of Gurmukhi script are mapped 

with its equivalent characters of Roman script. The proposed 

system is based on grapheme method. 

Contribution & Paper Organization 

1. The proposed system transliterates source text 

from Gurmukhi script to Roman (English/Phonetic) 

script, which helps non-Punjabi readers to 

understand the existing content written in Punjabi. 

2. The Phonetic dataset(s) generated by this system, 

will be used by text mining, opinion mining, 

information retrieval and data analytics systems. 

Also, phonetic dataset(s) can be used to develop the 

machine learning system for transliteration. 

3. The designed model using character mapping and 

rule-based approach can be used to develop 

dataset(s) for resource-scarce languages using 

transliteration. 

This article focuses on the framework and approach of the 

proposed transliteration system, which transliterates 

Gurmukhi script text into Roman script text. There are some 

handcrafted rules are made and applied along with the CM of 

Gurmukhi alphabets with its equivalent to Roman script 

alphabets. This system achieved an accuracy of 99.27% on 

65,130 Punjabi words and perform better than the Online 

Google Transliteration System. The organization of this 

article is as follows: section 2 describe the methodology of 

the proposed system; section 3 explains the framework and 

handcrafted rules; section 4 presents the experimental results 

and discussion; and section 5 includes conclusion and future 

scope.  

II. METHODOLOGY 

The proposed system used the handcrafted-rules and CM 

approach for transliteration between languages involved. The 

character mapping is done for Gurmukhi script characters 

with its equivalent to Roman script characters. This GRT 

system transliterate text written in Punjabi language into 

English language. For example- “ਆਮ” word of Punjabi 

language transliterated in English language as “aam”. 

A. English Language (Roman Script) 

Roman script is used to write English language. It is a 

globally spoken and written language. In India, English is 

used as second language. There are 26 letters in English, out 

of which 5 are vowels and 21 are consonants as shown in 

table 1.  
Table 1 Roman script letters 

Vowels A E I O U 

 

 

Consonants  

B C D F G 

H J K L M 

N P Q R S 

T V W X Y 

Z 

B. Punjabi Language (Gurmukhi Script) 

Gurmukhi script is used to write the Punjabi language. There 

are 10 independent vowels (see table-2 (a)) and 9 dependent 

vowels (see table-2(b)). Those vowels are used alone are 

called independent vowels while dependent vowels depend 

on the consonants and used along with consonants. 

Table 2 Gurmukhi script vowels (a) Independent (b) 

Dependent 

(a) Independent Vowels 

ਅ ਆ ਇ ਈ ਉ 

ਊ ਏ ਐ ਓ ਔ 

(b) Dependent Vowels 

ਾ  ਿਾ ਾ  ਾ  ਾ  
ਾ  ਾ  ਾ  ਾ   

There are 32 distinct letters (consonants) as shown in 

table-3 and in addition to these , there are 6 consonants 

created by placing a dot (bindi) at the foot (pair) of the 

consonant as shown in table-4 [13].  

 

Table 3 Gurmukhi script consonants 

ਕ ਖ ਗ ਘ ਙ ਚ ਛ ਜ 

ਝ ਞ ਟ ਠ ਡ ਢ ਣ ਤ 

ਥ ਦ ਧ ਨ ਪ ਫ ਬ ਭ 

ਮ ਯ ਰ ਲ ਵ ੜ ਸ ਹ 

Table 4 Gurmukhi script consonant placing dot at the foot 

ਸ਼ ਡ਼ ਗ਼ ਜ਼ ਖ਼ ਫ਼ ਲ਼ 
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C. Character Mapping 

In character mapping process, one to one mapping is used. 

The one to one mapping means, each character of Gurmukhi 

script is mapped equivalent to one unit of character(s) of 

English. Example: - “ਾ ” equivalent to “ii”; “ਔ” equivalent to 

“au”. But in article [13], the authors have used one to many 

mappings for some characters e.g. “ਾ ” equivalent to “i” and 

“ee”; “ਵ” equivalent to “v” and “w”. The mapping of one 

character with equivalent to many character(s) unit confuse 

the readers and need more rules to overcome this type of 

ambiguities. The CM of Gurmukhi script is shown in table-5 

for vowels, table-6 for consonants and table -7 for special 

symbols.  

 

Table 5 Gurmukhi script vowels character mapping of  

Gurmukhi 

Character 

ਅ ਆ ਇ ਈ ਉ ਊ ਏ ਐ ਓ ਔ 

 ਾ  ਿਾ ਾ  ਾ  ਾ  ਾ  ਾ  ਾ  ਾ  
Roman 

Character 
a aa i ii u uu e ai o au 

Table 6 Gurmukhi script consonants character mapping 
Gurmukhi 

Character 
ਕ ਖ ਗ ਘ ਙ ਚ ਛ ਜ ਝ ਞ ਟ ਠ ਡ ਢ ਣ ਤ ਥ ਦ ਧ ਨ 

Roman 

Character 
k kh g gh ng ch chh j jh yan t th d dh n t th d dh n 

Gurmukhi 

Character 
ਪ ਫ ਬ ਭ ਮ ਯ ਰ ਲ ਵ ੜ ਸ ਹ ਸ਼ ਡ਼ ਗ਼ ਜ਼ ਖ਼ ਫ਼ ਲ਼  

Roman 

Character 
p ph b bh m y r l v r s h sh dh ghh z khh f ll  

 

Table 7 Mapping of special symbols 
Gurmukhi 

Character 

Mapping 

ਾ  n 

ਾ  n 

ਾ  Doubles the following 

character 

 

III. PROPOSED FRAMEWORK OF 

TRANSLITERATION SYSTEM 

In this article, a hybrid approach is used based on both (i) 

rule-based and (ii) character mapping approach. The GRT 

system is designed, consisting of (a) segmentation 

(tokenization), (b) transliteration generation, and (c) target 

word generation as shown in fig. 1.  

 

 
Figure  1 Framework of Gurmukhi to Roman 

Transliteration System 

In segmentation, system tokenizes word into its constituent 

characters, then pass all the constituent characters to the next 

step. For example- “ਆਮ” word tokenize as “ਅ + ਾ  + ਮ”. 

Now in transliteration generation step, system will generate 

equivalent character(s) unit in Roman script for Gurmukhis’ 

character, which are constituents of the word. For example- 

“ਅ => a, ਾ => aa, ਮ=> ma”.  In final step, all transliterated 

character(s) unit are combined to generate target (phonetic) 

word based on some handcrafted rules as shown in fig. 1. 

Example- “a + aa + ma” apply some rule and generate as 

“aam” as target word. 

A. Dataset 

The Punjabi language word written in Gurmukhi script is 

considered as the input of the GRT system. The 65,130 most 

frequently used words of Punjabi language has been used for 

testing. This dataset is subset of 1,70,714 Punjabi words, 

which is discussed on website 1  and provided by Prof. 

G.S.Lehal2.  

B. Handcrafted Rules 

The following handcrafted rules are made for the 

implementation of the proposed GRT system. 

Rule 1 (R1): Character (consonant) is last character of the 

word  

Each Gurmukhi consonant symbols is represented by 

consonant plus an inherent schwa vowel sound “ਅ” [13]. 

For example, ਕਮਲ=ਕ + ਅ+ ਮ+ ਅ + ਲ+ ਅ segmentation of 

word. If character is last character of the word, then map 

character without schwa as “kamal” in phonetic. 

Rule 2 (R2): Character (consonant) is followed by 

dependent vowel  

Each consonant written in Gurmukhi is followed by schwa 

vowel sound character i.e ਅ; but when consonant is 

followed by dependent vowel then no need to add schwa. 

Example: - ਿਕਤ ਬ = ਕ + ਿਾ + ਤ + ਾ  + ਬ, and written in 

phonetic as “kitaab”, here “ਕ” is followed by dependent 

vowel “ਿਾ” and “ਤ” is followed by dependent vowel “ਾ ” 

so, there is no need to add schwa sound symbol with these 

consonants.   

Rule 3 (R3): Character is followed by consonant or 

independent vowel  

 
1 http://www.learnpunjabi.org/statistics.html 
2  Director, Research Centre for Punjabi Language Technology, Punjabi 

University, Patiala, Punjab, India 
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Each consonant written in Gurmukhi is followed by schwa 

vowel sound character i.e ਅ. Example: - In word “ਕਮਲ” 

charcater “ਕ” is followed by charcater “ਮ” then character 

“ਕ” is mapped with schwa sound symbol as “ka”; and the 

word is mapped as “kamal” in phonetic. In word “ਕਈ”, 

character “ਕ” is followed by vowel “ਈ”, so character “ਕ” 

is mapped with schwa as “ka” and “ਈ” as “ii”; and word 

“ਕਈ” mapped as “kaii” in phonetic.  

Rule 4 (R4): - “ਆ or ਾ ” is last character of word 

If vowel “ਆ or ਾ ” is last character of word, then map as 

“a” otherwise map as “aa”. For example, in word “ਪ ਦ ”, 

“ਾ ” dependent vowel is last character of word, so this 

word is mapped as “paida”; while in word “ਿਵਆਹ”, the 

vowel character “ਆ” is followed by “ਹ”, so this word is 

mapped as “viaah” in phonetic.  

Rule 5 (R5): - Character is “half character” 

In this case, character is basically followed by symbol “ਾ ”, 

thus the character is treated as half character. The character 

is mapped without schwa as like Rule-2. E.g. word “ਪਰ ਪਤ” 

is segmented as “ਪ+ਾ +ਰ+ਾ +ਪ+ਤ” and mapped as 

“praapat” in phonetic. 

 

IV. RESULT AND DISCUSSION 

The proposed system directly transliterates the words 

written in Gurmukhi script into Roman script using CM along 

with the handcrafted rules. The transliteration of this system 

depends upon the constituents of words from different 

characters or symbols and implemented using Python 3. For 

example, the word ‘ਿਦ ਲ ’ is transliterated as ‘dillii’, but it 

translated as ‘Delhi’. So, there is vast difference between 

transliteration and translation. This system is tested on 

65,130 words including different part-of-speech words. The 

system correctly transliterated 64,657 words out of 65,130 

Punjabi words.  

To evaluate the performance of the GRT system, the 

handcrafted rules (as discussed in section 3) along with CM 

are categorized into six cases as given below: 

CASE-1: CM + Rules (R2+R3+R4+R5) 

CASE-2: CM + Rules (R1+R3+R4+R5) 

CASE-3: CM + Rules (R1+R2+R4+R5) 

CASE-4: CM + Rules (R1+R2+R3+R5) 

CASE-5: CM + Rules (R1+R2+R3+R4) 

CASE-6: CM + Rules (R1+R2+R3+R4+R5) 

The performance of system is measured using accuracy 

parameter. The accuracy is defined as the ratio between the 

number of correctly transliterated words and total number of 

the words as shown in equation (1). The accuracy of the 

system varies depending upon the cases as shown in fig. 2. 

The accuracy of the system in case-6 is 99.27%, which is best 

among all the cases. The handcrafted rule-2 is excluded from 

case-2, then the accuracy of the system is decreased from 

99.27% to 8.46%, so rule-2 is significant for the system. In 

case 2, 59621 words are incorrectly transliterated because 

these words consist dependent vowels. The rule-2 only can 

handle those words which consist dependent vowels. Thus, 

each rule has its own importance as the accuracy shows in fig. 

2. 

 

 
Figure  2 Accuracy of the system vary with different rules 

A. Comparison with Online Google Transliteration 

System 

This GRT system works better than the “OGTS3”. Table-8 

shows transliterated words by both (i) OGTS and (ii) 

proposed GRT system.  

• The special symbols (i.e. ‘ਾ ’ and ‘ਾ ’) of Gurmukhi script 

are recognized by the proposed system, but OGTS does not 

recognized. For example, the word ‘ਪਸ ਦ’ and ‘ਇ ਟ ’ 
transliterated as ‘pasada’ and ‘itaa’ by OGTS, while 

transliterated as ‘pasand’ and ‘itta’ by proposed system as 

shown in table 8. 

• The dependent vowel ‘ਾ ’ transliterated as ‘aa’ on every 

position of the word by OGTS as in both word ‘neetaa’ and 

‘saadi’, but the proposed system ‘ਾ ’ transliterated as ‘aa’ 

at every position in the word except at last position as in 

word ‘saadi’ and ‘neta’ as shown in table-8. 

• The OGTS use ‘sachwa’ even at last position in the word, 

as in word ‘preema’; but proposed system does not use 

‘sachwa’ at end position in the word, as in word ‘prem’ as 

shown in table 8. 

 

 
3 https://translate.google.com/?rlz=1C1NHXL_enIN727IN727&um=1& 

ie=UTF-8&hl=en&client=tw-ob#auto/hi/transliteration 
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Table 8 Gurmukhi script words transliteration by OGTS 

and Proposed system 

Gurmukhi 

script 

Roman script 

OGTS Proposed GRT System 

ਪਸ ਦ pasada pasand 

ਇ ਟ  itaa itta 

ਨੇਤ  neetaa neta 

ਸ ਿਦ saadi saadi 

ਪਰ ਮ preema prem 

B. Result comparison with state-of-art technique  

The transliteration system was developed for the 

transliteration of name entity and some technical terms 

[13]–[15]. But now, it is used (i) corpus / data acquisition for 

resource-scarce language, (ii) to remove communication 

barrier for non-native language reader, (iii) for different 

applications such as information retrieval, text 

summarization, opinion mining, etc.  

Table 1 State-of-art comparison with proposed system 

Authors/References Method/Approach Language Data size Accuracy 

Abbas Malik [12] CM & Dependency Rules Shahmukhi-Gurmukhi 45,420 words 98.95% 

Komal Deep and Vishal Goyal [13] 
Character Sequence Mapping 

Rules 
Punjabi-English 2,046 names 93.22% 

Pankaj Kumar and Vinod Kumar [14] Statistical machine Punjabi-English 2000 names 97% 

Manpreet Kaur [15] Parallel corpus Punjabi-English 5,000 names 95.69% 

Proposed system CM & Handcrafted Rules Punjabi-English 65,130 words 99.27% 

 
As shown in table-9,  Abbas Malik [12] used CM and 

dependency rules to transliterate Shahmukhi script words  

into Gurmukhi script words; Komal Deep and Vishal Goyal 

[13] used character sequence mapping rules, Pankaj Kumar 

and Vinod Kumar [14] used statistical machine, Manpreet 

Kaur [15] used parallel corpus for transliteration of Punjabi 

names into English names. The proposed system used CM 

and handcrafted rules for transliteration of Punjabi words into 

English language words and achieved best accuracy of 

99.27% among all existing results as shown in table 9. 

C. Error Analysis 

1. Difference in number of characters: There is 

difference in number of character sets for both 

Gurmukhi and Roman. There are 5 vowels and 21 

consonants in English while in Punjabi language 19 

vowels as shown in table-2, 39 consonants as shown in 

table-6 and 3 special symbols as shown in table-7. So, 

the English language alphabets have multi mapping as 

shown in table-6 & 7. For example: the Punjabi 

characters ‘ਣ’, ‘ਨ’, ‘ਾ ’ and ‘ਾ ’ are transliterated as ‘n’; 

‘ਟ’, ‘ਤ’ are transliterated as ‘t’; ‘ਠ’, ‘ਥ’ are 

transliterated as ‘th’; ‘ਡ’, ‘ਦ’ are transliterated as ‘d’; 

‘ਢ’, ‘ਧ’ are transliterated as ‘dh’. This type of 

transliteration arises confuse for system at the time of 

back transliteration.  

2. Ambiguity in mapping of ‘n’: Whenever ‘n’ character 

occurred as end character of the word then it is difficult 

to decide where it is half or full character. For example, 

the both word ‘ਸਮ ਣ’ and ‘ਸਮੋਂ’ has same transliterated 

word as ‘samon’; so, there is confusion to decide the 

actual word for the back transliteration. 

3. Ambiguity due to occurrence of triple ‘a’: Whenever 

a triple ‘a’ consecutively occurred in a word, then 

system or even human got confused to read that word. 

For example, transliteration of the both words, ‘ਬ ਅਦ’ 

and ‘ਬਆਦ’ results in ‘baaad’, so it is hard to decide that 

transliteration belongs to which word in actual. 

V. CONCLUSION AND FUTURE SCOPE 

Due to development of new web and mobile technologies, 

the content on web is generating in huge amount. Most of the 

content available on social media is in non-structured form 

(i.e. mix of image, text, audio and video). Also, internet users 

write text on social networking sites in their own native 

languages using Roman script. So, the development of 

phonetic (Roman script) dataset(s) using GRT system is 

required for natural language processing tasks and 

applications. Transliteration is a process in which mapping is 

done for a word written in one language-script to another 

language-script. The developed GRT system directly 

transliterate the text from Gurmukhi to Roman script based 

on grapheme approach. The transliteration of the system 

depends upon the constituents of words from different 

characters or symbols (discussed in section 4). The GRT 

system used CM along with handcrafted rules and tested over 

65,130 Punjabi words. The performance of system is 

evaluated on different cases but gives best performance in 

case-6 with the accuracy of 99.27%. Also, system performs 

better than the OGTS (discussed in section 4). In future, the 

issues discussed in section 4 can be resolved for further 

advances in the GRT system. This article will provide the 

detailed concept of transliteration system and its 

methodology. So, the researcher who belongs from various 

countries and culture can easily understand the transliteration 

system. They can develop the new transliteration system for 

their native and other scripts. The transliterated text from 

other scripts into the native script of the reader will remove 

the language or script barriers throughout the world. 
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