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ABSTRACT 

The deaf community in the world uses a gesture-based language, generally known as sign 

language. Every country has a different sign language; for instance, USA has American Sign 

Language (ASL) and UK has British Sign Language (BSL). The deaf community in Pakistan uses 

Pakistan Sign Language (PSL), which like other natural languages, has a vocabulary, sentence 

structure, and word order. This research involves exploiting natural language processing (NLP) 

techniques to support the deaf community by proposing a novel machine translation model that 

translates English sentences into equivalent Pakistan Sign Language (PSL). The proposed 

approach involves a structured process to investigate the linguistic structure of PSL and formulate 

the grammatical structure of PSL sentences. These rules are then formalized into a context-free 

grammar, which, in turn, can be efficiently implemented as a parsing module for translation and 

validation of target PSL sentences. The whole concept is implemented as a software system, 

comprising the NLP pipeline and an external service to render the avatar-based video of translated 

words, in order to compensate the cognitive hearing deficit of deaf people. Quantitative results 

reveal a very promising Bilingual Evaluation Understudy (BLEU) score of 0.78. Subjective 

evaluations demonstrate that the system can compensate for the cognitive hearing deficit of end 

users through the system output expressed as a readily interpretable avatar. Comparative analysis 

shows that our proposed system works well for simple sentences but struggles to translate 

compound which warrants future ongoing research.  

Index Terms: Deaf community, natural language processing (NLP), Pakistan sign language (PSL), 

sign language, software. 
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CHAPTER 1 

I. INTRODUCTION 

A. Introduction and Orientation 

 Language comprises of verbal and nonverbal behaviors. Verbal proficiency enables human 

beings to communicate in an appropriate manner with each other. A grand total of our population 

encompasses acoustic, auditory and articulator tribes. Apart from them, there lies a forth tribe of 

language speakers, a considerable segment of population in the world suffers from hearing/speech 

disability. There lies an enormous communication gap between these disabled and the normal 

people. To bridge this gap, a language of gestures which is known as sign language exists. Sign 

language is comprised of gesticulation. According to a survey around 15 to 26 % of the world 

population suffers from some kind of hearing disabilities [1] 

 Spoken languages vary region to region and about 6,909 [2] spoken languages exist in the 

world till now. Similarly, the languages of gestures (sign languages) vary from region to region 

and about 138 sign languages are known till today. Among them, American Sign Language (ASL) 

and British Sign Language (BSL) are based on English language. Whereas, Indian Sign Language 

(ISL), and Chinese Sign Language (CSL) are also among the well-known sign languages. The 

grammars of these gesture based sign languages differ from grammars of spoken or written 

languages. The reason is that gesture based languages involve shapes and concepts, whereas 

spoken and written languages involve words and grammar rules, thus, both types of languages 

have significantly different grammatical structures [3]  
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B. Concepts Involved in the Sign Language 

 A sign language uses manual communication and body language to convey meaning, as 

opposed to acoustically conveyed sound patterns. Each particular sign represents a distinct letter, 

word, or phrase of the corresponding spoken language e.g. for the word “What” the sign in 

different Sign languages are shown in Figure 1.1. 

 

   

American Sign 

Language(ASL) 

British Sign 

Language(BSL) 

Pakistan Sign 

Language (PSL) 

 

     Fig 1. Sign of “what” in different sign languages 

C. Gestures 

 Sign languages use gestures to make a sign for particular unit e.g. letter, word or phrase. 

These gestures are further broken down into manual gestures and non-manual gestures. Manual 

gestures consist of hand shape, movement, location [4] [5] ,and orientation as shown in Figure 1.2, 

whereas non-manual gestures consist of facial expression, head movement, posture and orientation 

of body shoulder raising, and mouthing, as shown in Figure 1.2. Mostly non-manual gestures are 

used along with manual ones. 
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       CHAPTER 2 

I. RELATED WORK 

A. Overview 

 Machine translation has been an important subject in computer science for almost sixty 

years. During most of this time, however, machine translation for sign languages has been largely 

overlooked. It is only during the last decade that machine translation for sign languages received 

renewed interest. This is due both to advances in sign language linguistic research [6] [7] and to 

an increase in computing power. The proposed research aims to use Information Technology to 

minimize the communication gap between the deaf and hearing people in Pakistan. The existing 

work for the development of PSL as language is already not sufficient, and needs a serious 

attention. To bridge the aforementioned gap between hard of hearing and a normal person, we 

anticipate the need of a generic machine translation framework which can translate Natural 

Language English in this case to Pakistan Sign Language and vice versa [14]. Section 2.2 presents 

the discussion on fundamentals of SL including various components involved in performing signs 

of different words along with types of signs on the basis of different morphological parts involved 

in the generation of a particular sign. Section 2.3 presents the discussion on different MT 

approaches. Related works of Machine Translation of text to sign languages have been discussed 

in section 2.4. Section 2.5 highlights the related work in the dimension of SL recognition using 

different approaches. Previous works related to various components involved in these machine 

translation systems including parallel corpus and grammar based translator have been discussed in 

Section 2.6. Lastly, on the basis of presented literature, Section 2.7 the research questions for this 

thesis have been presented along with the expected outcomes. 
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B. Fundamentals of Sign Language 

 Sign language is a general term which includes any kind of gestural language that makes 

use of signs and gestures to convey message [15]. Sign language is known as 'language of gestures' 

as well. It is a visual-motion language utilized by hard of hearing, people with hearing disabilities 

and deaf individuals as their mode of communication. Sign language which is a gestural dialect is 

influenced by spoken languages [16]. Sign Language is nearly an only mode of communication 

among people suffering from hearing impairment [19]. When a hearing impaired individual wants 

to say something, he/she performs some gestures to communicate. Each particular sign means a 

distinct letter, word or expression. Combination of signs makes a sentence just like words in 

spoken languages make sentences which are understood by normal and deaf people. Sign 

Language itself is a complete natural Language with its own syntax and grammar [16] [18]. There 

exist different sign languages like American Sign Language (ASL), British Sign Language (BSL), 

Indian Sign Language (ISL), Japanese Sign Language (JSL) and Pakistan Sign Language (PSL) 

etc… 

1) Components of Sign Language: Sign Language is basically composed of two basic 

components or features: Manual and non-manual [16] [17] [18].  

 

2) Manual Features (MF): The manual components of Sign Languages often include 

movement of hands which further includes Hand shape, Hand orientation, Location and 

Movement as shown in Figure 2.2. 

a) Non-manual features : Non-manual features described in Figure 2.4 include different 

facial expressions, head tilting / nodding, shoulder raising, and related … 
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C. Hardware Based Approaches 

1) Glove Based: A glove-based system is composed of an array of sensors, electronics for 

data acquisition/processing and power supply, and support for the sensors that can be worn on the 

user’s hand [60]. In the 1970 first glove based system were designed and since then this 

technology is used in many fields such as design and manufacturing, robotics, medical/health 

care, and sign language understanding. The glove-based approaches [64] [65] [66] that are being 

developed in these years have different characteristics such as sensor types, the position of 

sensors, underlying recognition techniques, type of sign (static or dynamic) and accuracy [67] 

[68] [69] [70] [71]. Glove based approaches, along with sign language, the number of words, the 

total number of gesture dataset and accuracy is mentioned in Table 1. 

 

TABLE I  

GLOVE BASED APPROACHES 

Approach Language Word 

Total No. 

of Gestures 

(size) 

Accuracy  

(%) 

(Lee, Feb. 2018) ASL 26 alphabets 6240 98.2 

(Ambar et al., 2018) ASL 
9 commonly  

used words 
- 

Average sign 

detection time is 

0.74 sec 

(Kanwal et al., 2014) PSL 10 words 300 90 

(Lokhande et al., 

2015)[26] 
ISL 6 words 32 ≈ 99 

(Ma et al., 2000) CSL 
220 words and  

80 sentences 
300 (Ma et al., 2000) 

(Swee et al., 2007) MSL 25 signs 500 
(Swee et al., 

2007) 
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CHAPTER 3 

I. A TRANSLATION FRAMEWORK FOR PSL 

A. Introduction 

 Machine translation has recently gained popularity and is being widely used to convert 

natural language (NL) text to a given sign language. A summary of relevant literature presented in 

Chapter 2 shows that an early work in rule based machine translation was conducted by [38]. A 

grammatical approach based on synchronous tree adjoining grammar has been proposed by [23], 

which has been further enhanced by [31]. Some of the latest work on rule based sign language 

machine translations are discussed in [106] [107] [108] [109] [110]. Another dimension of machine 

translation involves statistical machine translation of sign languages, some work in statistical 

machine translation of sign languages has been presented in [32] [36] [28] [103] [104] [105]. The 

main success of these systems depend on the size of corpus of both the source and target language. 

To the best of our knowledge no sentence level corpus of PSL exist so this is the main reason to first 

develop some rule based translation system which later can be used to generate corpus for machine 

translation systems. Likewise, example-based translation [102] is another variant of translating sign 

language to natural language [34] presents such translation for Irish sign language. Similarly, in 

South Africa a project South African Sign Language Machine Translation (SASL-MT) has been 

conducted to enable the deaf community of the country with the help of a machine translation system 

from English to SASL [35]. 

 It is clear from the literature review that people and governments of many different 

countries have worked in many different facets to enable their hearing impaired population 

communicate with the normal people. Unfortunately, no significant work has been done for 
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Pakistan sign language in this regard, and there is a great room for conducting research in various 

levels. 

 There exist several limitations and challenges in building a machine translation system to 

translate natural language text to Pakistan Sign Language gesture. Some prominent challenges are 

as follows: 

● Lack of availability of linguistic information. PSL has not been linguistically 

investigated properly. 

● Absence of Standard Sign corpus based on different language granularity units. 

● No standard grammar rules for sentence creation in PSL. 

● Automating it all requires evaluation and no evaluation corpus to test the system 

exists. 

● No machine readable corpus for PSL exists. 
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CHAPTER 4 

I. PSL CORPUS GENERATION 

 The framework for English to PSL translation was proposed in the previous chapter. The 

first layer of the proposed translation system is the storage layer comprising of the PSL parallel 

corpus. The literature review of existing SL corpora for different Sign languages as well as PSL is 

discussed in Section 4.1. Section 4.2 discusses about limitations of available PSL corpora. The 

need for Machine readable PSL corpus is described in Section 4.3. Discussion regarding various 

sign writing notations is presented in Section 4.4. The systematic process for PSL corpus 

generation is presented in Section 4.5. Section 4.6 highlights the effectiveness of the developed 

PSL parallel corpus. 

A. LITERATURE REVIEW 

1) Literature Review of Existing SL Corpora: There are various multilingual dictionaries 

having different kind of representations are available for different SL. Common 

representation media for SL corpora are picture based, video based and avatar based. Along 

with differences in their storage medium these dictionaries also vary in terms of language 

granularity level which they store. Among these some are word level i.e. they store word of a 

spoken language along with its representation in the corresponding SL, others store word and 

instead of storing sign either in picture or video they store the textual representation of the SL 

gesture using some sign writing notation. Some dictionaries are used in Statistical Machine 

Translation where instead of words sentences of both source and target languages are stored. 

The details of some of these different kind of corpora are briefly discussed as follows. 

 Spanish Sign Language- Spanish (DILSE) dictionary was proposed by [98]. It is a 

multilingual dictionary is available online for the deaf community of Spain. The dictionary provide 
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two levels of search in which user can either search a Spanish word against a sign and similarly 

can do a sign search by giving a Spanish word as input [102] proposed a corpus for deaf children 

in Africa. The details of well-known dictionaries of ASL, BSL, ISL, ArSL have already been 

discussed in related work chapter of this thesis... 
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CHAPTER 5 

I. CONCLUSION AND FUTURE DIRECTIONS 

A. SUMMARY 

 In this thesis, we have proposed a rule based Machine Translation framework for 

translating English language sentences into equivalent PSL sentences. To this end, a systematic 

approach has been used that involves data collection, analysis, and grammar rules generation to 

define the grammar for PSL. Later on, first ever PSL parallel corpus has also been generated by 

involving SL experts and deaf individuals. Finally, the translation system components have been 

integrated to produce end to end translation of English sentence to its corresponding PSL 

animations using avatar. The output of the system has been evaluated by two domain experts for 

the effectiveness and correctness of the translation system. The evaluation revealed that the system 

translated with approximately 95% accuracy. 

 The developed parallel corpus of PSL letters, words, and phrases which not only contain 

their respective videos, but also contains their representation in richest sign writing notation e.g. 

HamNoSys, corpus consists of English word along with its Urdu and roman equivalents. The 

signwriting notation HamNoSys. The human recorded videos as well as the videos generated by 

avatar were also stored in the corpus. This leads to the first tangible outcome of our work i.e. a 

parallel corpus for PSL. It is pertinent to mention here that we stored this corpus in the form of a 

database which should be useable as a reusable software component wherever required. 

Furthermore, a web interface is also exposed for this corpus to be accessed by different users for 

learning PSL. To the best of our knowledge this is the first computer process able PSL corpus 

which is easily extendable and can be used as a benchmark for future research in the domain of 

PSL…  
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APPENDIX A 

GRAMMAR 

Table C-1: PSL Grammar of Simple Present and Past Tense 

Category of Sentence PSL Grammar 

Simple Present 

Affirmative 

<SIMPLE-PRESENT-AFFIRMATIVE> ::= 

<SUBJ><VP><PRPS>| <NP1><NP2><VP> | 

<ADVP><SUBJ><VP> 

Simple Present Negative 

<SIMPLE-PRESENT-NEGATIVE> ::= 

<SUBJ><VP><"not"> 

Simple Present 

Interrogative 

<SIMPLE-PRESENT-INTERROGATIVE> ::= 

<NP><ADJP><"Yes-No"> 

Simple Past Affirmative 

<SIMPLE-PAST-AFFIRMATIVE> ::= 

<"was"><SUBJ><VP> | 

<"was"><ADVP><","><SUBJ><VP> 

Simple Past Negative 

<SIMPLE-PAST-NEGATIVE> ::= 

<"was"><SUBJ><VP><"not"> 

Simple Past Interrogative 

<SIMPLE-PAST-INTERROGATIVE> ::= 

<"was"><NP><ADJP><"Yes-No">| 

<"was"><NP1><NP2><"Yes-No"> 
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APPENDIX B 

SAMPLE QUESTIONNAIRE FOR AVATAR’S EVALUATION 

Table C-1: Questions asked for Avatar’s evaluation 

Comprehensibility 

Naturalness 

How natural is the performance of the avatar? In case of 

problems please comment: 

Selected Answers 

Overall it is quite good, and interesting, but The stiffness of 

the avatar makes it uneasy. 

The idea of avatar is excellent, if you could improve the 

transition from one gesture to another. 

Position How well is the avatar utilizing the sign space? 

Selected Answers 

A big portion of body is being shown in the screen, only top 

area should be shown. 

Later on we rectified this issue. 

Subsequently, this problem was resolved. 

Rhythm Do you think that the speed of avatar is just fine? 

Selected Answers 

We managed to control the speed with the help of few deaf 

subjects. 

The gestures looks good, and the speed is just fine. 

Speed of avatar is OK. 

Expressiveness How comprehensively does the avatar express the gestures? 

Selected Answers 

The avatar is very good. 

Non manual features should be improved. 
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Avatar is understandable. 

Contrast and Emphasis Are the colour and contrast of the avatar fine? 

Selected Answers 

The hands are of different colour so they are 

understandable. 

Colour combination is good. 

Easily to notice hands. 

 

Usability 

 

How do you rate your understandability of avatar rendered videos as compared to human rendered 

videos for the following different granularity levels? 

 Word Level 

 Sentence Level 

 Paragraph Level 

 

Average results have been reported in Table 6.1. 
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