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ABSTRACT

Hearing impairment and speech impairment are a form disabilities faced by a minor group
of the society. Having those disabilities will not causes them have to face obstacles to
communicate with the rest of the society, but also makes them more difficult to convey
their message. Connected World - the theme of the project. There are two meanings in the
term: the first one is to break the communication barrier between deaf or mute community
and the rest of the society by translating hand sign language into readable text and speech,
thus, connecting both world. The second meaning of the project is for global accessibility,
the implementation platform of this project will allow anyone to access the algorithm
anywhere, connecting the world. In order to achieve the goal, an American Sign Language
(ASL) Translator was developed to translate ASL hand sign to readable text and speech.
The LEAP motion technology was implemented in this to capture ASL fingerspelling
hand sign gesture displayed by the user. The captured data is then further processed,
recognized, and classified into English letters. The translated letters will be concatenated

into words and then pronounce verbally
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ABSTRAK

Kecacatan pendengaran dan ucapan adalah halangan yang dihadapi oleh sebahagia
minoriti masyarakat. Dengan kecacatan tersebut, orang kurang upaya (oku) bukan sahaja
menghadapi masalah untuk berkoumunikasi dengan masyarakat, tetapi juga menyebablan
mereka sukar untuk menyampaikan mesej mereka. Connected World - tema projek ini
mengandungi dua makna: yang pertama adalah untuk memecahkan halangan komunikasi
antara pekak atau masyarakat bisu dan seluruh masyarakat dengan menterjemahkan
tangan bahasa isyarat ke dalam teks yang boleh dibaca and juga suara, dengan itu,
menghubungkan kedua-dua dunia. Makna kedua projek ini adalah untuk menjayakan
komunikasi globalisasi, platform pelaksanaan projek ini akan membolehkan sesiapa
sahaja untuk mengakses algoritma ASL Translator di semua lokasi yang mempunyai
internet. Untuk mencapai matlamat tersebut, Penterjemaah American Sign Lanuage(ASL)
telah dihasilkan untuk menterjemahkan tanda tangan ASL kepada teks yang boleh dibaca
dan suara. Teknologu LEAP motion telah digunakan dalam projek ini untuk menangkap
ASL Fingerspelling tangan tanda isyarat ASL Fingerspelling dipaparkan oleh pengguna.
Data yang telah dirakam akan diproses, dan dikelaskan kepada huruf bahasa Inggeris.
Huruf diterjemahkan akan dirangkaikan kepada perkataan-perkataan dan kemudian

disebutkan secara lisan..



X

TABLE OF CONTENT

CHAPTER CONTENTS PAGE
DECLARATION . .ucouiiniinninnsnnnsnessseesssssssnsssesssssssssssasssssssssssssssssasssssesss ii
DEDICATION..ccuiiitiictinsnensnecsnnnnnesssessssecssnssssssssessssessssssssssssasssssessases iii
ACKNOWLEDGEMENT ......cconuiiniininnsninsnesssensnncssesssscsssesssssssassssacens vi
ABSTRACT .uuiiriitiicrinneinnensnesnnisssenssesssesssessssssssssssassssssssassssssssess vii
ABSTRAK viii
TABLE OF CONTENT .....cotiiniiniiisninnnensnnnsnecssessssesssessssessssssssssssesssns ix

LIST OF FIGURES ......couuiiniiniinniineisnecsnissnnsssecsssesssssssssssssssssessse xiii

| INTRODUCTION ...uuuienrensnenssnensannssnesssnsssasssansssssssssssssssssasssssssssssssssssssssss 1
1.1 BACKGROUND STUDY ....ccooiiiiiiiiiniiniieiecicieceneeeeeeeeeeee 1

1.2 PROBLEM STATEMENT ......cooiiiiiiiieeeeeeeeee e 2

1.3 OBJIECTIVE ..ot 2

1.4 SCOPE OF PROJECT ...c..cooiiiiiiiiiiiiinictcecceieeeneeeee e 3

1.5 PROJECT SIGNIFICANCE .....cccocoiiiiiieiieeeeeeeeeeeecee e 3

1.6 REPORT STRUCTURE .......ccceioiiiiiieceeeeceececece e 4

II LITERATURE REVIEW. ......iiniinnniinnnnecssnencssseecsssescsssesssssnscsse 6
2.1 AMERICAN SIGN LANGUAGE......cccccooiimiiiiiniiinieeeneeeeee 6

2.2 HAND GESTURE TRACKING AND FEATURE EXTRACTIONS
2.3 HAND GESTURE TRACKING AND FEATURE EXTRACTION

10
2.3.1 Hidden Markov Model ..........cccceooviieiiieeiiiieieceieeeees 10
2.3.2 Grassman Covariance MatriX.........ccccveeevuveeesureenineeenineeenns 11
2.3.3 K-Nearest Neighbor Modelling...........cccceevireiienieenenne. 12
2.3.4 Support Vector Maching ..........ccccceeevveeevieeniieeeieeeieeens 13
2.4 LEAP MOTION CONTROLLER ......cccceeoiiiiiiiieieeieecie e 14

2.5 RELATED PREVIOUS RESEARCH.......c.ccociiiiiniiiiiiiciieenee 15


file:///C:/Users/Loh%20Yew%20Fei/Downloads/HongLim-Final-Thesis.docx%23_Toc453940858

111

0%

2.5.1 American Sign Language Recognition Using LEAP Motion

15

2.5.2 Arabic Sign Language Recognition Using LEAP Motion
CONLTOLLLT ..t 16
2.6 SUMMARY ..ottt 17
METHODOLOGY ...uuivnuinrensuinsnissenssessanssssssesssssssssssssssssssssssssssssssssssssssass 18
3.1 PROJECT INTRODUCTION.......ccerteiieieiieieeieeeie e 18
3.1.1 Project Block Diagram ..........ccccceevueeviieniieniieniieieeieenen. 19
3.1.2 Project Flow Chart.........cccccoovvieviieeiieeieeeeeeeeeee e 20
3.1.3 Project Road Map .......ccccvvveeiiieiieeieeeeeee e 22
3.2 LEAP MOTION CONTROLLER ......ccccoociiiiiiiniiieiceeseeeee 23
3.2.1 Operation Range........cccceevvemievierieninninicnecienieseeeeen 23
3.2.2 Device Calibration...........cceecveeveerieesiienieeieeieeiee e 24
3.3 ASL RECOGNITION ALGORITHM........ccoctviiiiiiiinienieieieiene 25
3.3.1 LEAP Motion Controller API .........ccccoooiiiiiniiiiieee. 25
3.3.2 Coordinate SYStem ......cceeveerueerieriereeieeieneeie e 27
3.3.3 Algorithm Development Process.........cccceeverveeieenneennen. 28
3.4 SUMMARY ..ottt ettt 36
RESULT AND DISCUSSION 37
4.1 PRELIMINARY PHASE RESULTS ....cccooiiiiieiieeeeeeeee, 37

4.2 AMERICAN SIGN LANGUAGE FINGERSPELLING LETTERS
FEATURE POINTS ..ottt 39

4.3 AMERICAN SIGN LANGUAGE CLASSIFICATION RESULTS:

45

4.3.1 Group 1: Closed-Hand Gesture Type Letters................... 46
4.3.2  Group 2: Pinch Gesture Type Letters:.......c.cccecevveruennennee 48
4.3.3 Group 3: Y-axis Alignment Type Letters: .......cccccueuneee. 49
4.3.4 Group 4: Z-axis Alignment Type Letters: .........ccccueeenneen. 51
4.3.5 Finger-Distance Tracing Gesture Type: .......ccceecvervreennnenne 53
4.4 CLASSIFICATION ACCURACY ..oooviiiiiiiiiiieeieneeeeeseeieee 55
4,5 LETTER CONCATENATION RESULT ....ccceoieiiiiiiieeieenee, 57
4.6 DISCUSSION ....oiiiiiiiiiiiienitee ettt 58
4.7 SUMMARY ..ottt 60
CONCLUSION AND RECOMMENDATION ...61

5.1 PROJECT CONCLUSION .......ccccooiiiiiiiiiiiiiiieiiciceeecccie 61



xi

5.2 SUGGESTION AND RECOMMENDATION ......cccccevvieniiannnn 61

5.3 SUMMARY
REFERENCES




xii

LIST OF TABLES

NO TITLE PAGE
2.3 Important API for Hand Sign Recognition and Classification 15
3.3.1 Hand features needed in hand gestures recognition. 26

3.3.3a Comparison between concatenated outputs with non-concatenated

outputs 33
3.3.3b GUI Elements and Functionalities 35
4.1 List of Predefined Text and Hand Sign 37
4.2 Tabulation of ASL Letters Hand Features 39

4.4 Tabulation of Classification Success Rate 56



xiii

LIST OF FIGURES

NO TITLE PAGE

2.1 The hand sign gestures for American Sign Language alphabets 7

2.2.1a a multiple feature point’s hand gesture recognition system 8
2.2.1b Hand gesture feature points tracing results 9
2.2.1c Hand gesture tracing system utilizing fuzzy computation 9

2.3.1 A sample sign language recognition system involving the HMM 10

2.3.2  Grassman Covariance Matrix Modelling 11
2.3.3 Traffic Sign Classification with k-NN implementation. 12
2.3.4 Process Flow Chart of Dynamic Gesture Recognition. 13
24 Schematic View of LEAP Motion Controller 14
2.5.1 Highly Similar ASL Hand Gestures. 16
2.5.2 Arabic Hand Sign Gestures and Represented Text 17
3.1.1 Project Block Diagram 19
3.1.2a Process Flow Chart for Phase I 20
3.1.2b Process Flow Chart for Phase II 21
3.2.1a Operating Range of a LMC 23

3.2.3a Device Calibration Selection Screen 24



NO TITLE

3.2.3b Calibration of device in progress

3.2.3¢c Successful device calibration

3.3.1 Pinch strength level

3.3.1 Grab strength level

3.3.2 Coordinate System of LEAP Motion Controller
3.3.3a Command line for checking the node version
3.3.3¢ Version of installed leapjs.

3.3.3d Feature Extraction of API Grab Strength
3.3.3e¢ Feature Extraction of API Pinch Strength
3.3.3d Assigning LEAP API to each of the finger
3.3.3e Layered Classification Diagram

3.3.3f GUI for the ASL translator

4.1.1 Results for Hand Gesture 1

4.1.2 Results for Hand Gesture 2

4.1.3 Results for Hand Gesture 3

4.3.1a Classification result for Letter ‘A’

4.3.1b Classification result for Letter ‘E’

4.3.1c Classification result for Letter ‘O’

4.3.1d Classification result for Letter ‘S’

Xiv

PAGE

24

25

27

27

28

28

29

30

30

30

31

34

38

38

38

46

47

47

47



NO TITLE

4.3.2a

4.3.2b

4.3.3a

4.3.3b

4.3.3¢c

4.3.3¢c

4.3.3d

4.3 3¢

4.3.4a

4.3.4b

4.3.4c

4.3.4d Classification result for Letter ‘M’

4.3.4¢

4.3.4f

4.3.5a

4.3.5b

4.3.5¢

4.3.5d Classification result for Letter ‘W’

4.5

Classification result for Letter ‘D’
Classification result for Letter ‘F’
Classification result for Letter ‘B’
Classification result for Letter ‘I’

Classification result for Letter ‘K’
Classification result for Letter ‘L’
Classification result for Letter ‘Q’
Classification result for Letter ‘Y’
Classification result for Letter ‘C’
Classification result for Letter ‘G’

Classification result for Letter ‘H’

Classification result for Letter ‘N’
Classification result for Letter ‘P’
Classification result for Letter ‘R’
Classification result for Letter ‘U’

Classification result for Letter ‘V’

Letter Concatenation Sample

XV

PAGE

48

48

49

49

50

50

50

51

51

52

52

52

53

53

54

54

54

55

58



Xvi

LIST OF APPENDIX

NO TITLE PAGE

A ASL Fingerspelling Alphabet Chart 67



CHAPTER 1

INTRODUCTION

This chapter introduces the background of the project. The selected project is
named as Hand Sign Language Translator using Motion Sensor. Basically, in this part,
the concept of the projects as well as the objectives need to be achieved be discussed and
stated clearly. Besides, limitations and constraints were also imposed on the project in
order to manage the scope of project. Last but not least, the purposes of having this project
and the impacts the project can bring to the society upon implantation will also be

discussed thoroughly.

1.1  Background Study

Hearing impairment and speech impairment are a form disabilities faced by a
minor group of the society. Having those disabilities will not causes them have to face
obstacles to communicate with the rest of the society, but also makes them more difficult

to convey their message.

This project was proposed to break the communication barrier between the
disabled group and the rest of the society by converting the sign language (American Sign
Language) into readable English text. This project proposed the use LEAP motion
technology to recognize the hand gestures and movement of a person who is conveying

his/her message using sign language.



Though the sign language recognition can also be done using the cameras which
is using the image processing technology, the LEAP motion technology will have a better
advantage since LEAP motion does not depends on the outdoor light intensity. Normal
cameras will have difficulties in capturing images if the surrounding light intensity is
under a certain values, the LEAP motion is however, using the infrared sensing, can avoid

this problem.

1.2 Problem statement

Hearing impairment people are often facing difficulties to communicate
effectively with the fortunate people as most of them do not know how to interpret sign
language. This will not only form a barrier between them and the rest of the society in
terms socialization but also affecting their working chances. Thus, a system that capable
of translating sign language into written text is essential to smoothen the communication

between those who are fortunate and those who are not.

1.3  Objective

The objectives were set as main goal for the project to be achieved:

I.  To analyze hand gestures and movement involved in sign language used by

hearing impairment group

II. To implement LEAP motion technology in both hand gesture tracking and

movement recognition

III.  To design an algorithm that can translate hand gestures into readable text and

speech.



1.4  Scope of Project

The scope of the project was set to set limitation and coverage range for the

research work and the project itself. The scope of project is as followed:

. American Sign Language (ASL) was chosen as the target sign language.
. Spoken English are the target language to be translated into.
. The target group of this project is the hearing impairment group and speech

impairment group.

. Only Basic English alphabets and simple salutation sentence will be

included into the library.

1.5 Project Significance

The fundamental concept of this project is to convert the commonly used hand
sign language, which is the American Sign Language into readable English text. By using
motion sensing technology such as LEAP Motion Controller, the pattern recognition of

hand gesture becomes more achievable and portable.

The hearing impairment community is constant having difficult when they
try to communicate with the rest of the society, as normal people are not hand sign
language literate. Thus, by converting the hand sign language, natural language of dear
people to readable English text, a world-wide spoken language, is capable to reducing the
obstacle faced by the deaf people in communication. Therefore, upon commercialization,
this project is believed to have a significant positive impact on the society, especially for

the hearing impairment community.

One of the benefit of this project including the breaking of the invisible
barrier of communication as it allows fortunate people to understand the hand sign
language expressed the deaf people, while the deaf shall no longer have difficulties to

convey their message to the normal people. This can indirectly increases the employment



chances as many of the deaf people cannot present themselves to the employer well as the

employer cannot understand their thoughts through communication.

Besides, this project upon successful implementation will also eases the
learning of the sign language. There are a significant portion of hearing impairment
community is not born with hearing defectiveness, some of them had lost their hearing
ability in an event of illness or accidents, thus, they need to learn the hand sign language
as well. Thus, by having this project, the education of hand sign language will become

much easier, as even self-learning of the hand sign language becoming more reliable.

1.6  Report Structure

This report consist a total of five main chapters, which include: Chapter One:
Introduction, Chapter Two: Literature Review, Chapter 3: Methodology, Chapter 4:

Result and Discussion, and Chapter Five: Conclusion and Recommendation.

The introduction of the project will be discussed in Chapter One, whereby the
background of the project are analyzed. Problem statement will be derived from the
problematic situation and the objectives are stated as the proposed solution to the problem
stated. Besides, the project scope will be stated in order to limit of field of study for the

project. In last part of this chapter, the project significance will also be discussed.

The Chapter Two covers all the related previous research works which were used
in the project. The previous research work will provide sufficient pre-requisite knowledge
and would act as a reference point for the project development. Summarization of the

related previous research work will be also be done on this chapter.

The Chapter Three is regarding the project methodology. Development process
flow of the project will be introduced in this chapter. This chapter will provide and explain

all the necessary steps and procedure required to be followed in order to achieve all the



project objectives which include: pre-requisite software installation, hand feature
extraction, hand feature recognition and classification, letters concatenation, and also GUI

development process.

The collected results throughout the project will be illustrated and tabulated in
Chapter Four. Observation will be made, and analysis will be done on the collected result.
Furthermore, rational deduction will also be made to explain the problem encountered in
the project. This chapter was designed to compare to the achieved result with the stated

objectives.

Chapter 5 would be the last chapter of the project where the project conclusion are
made. On the other hand, recommendations will also be suggested as future improvement

to solve the limitation faced during the development project.



CHAPTER 2

LITERATURE REVIEW

This chapter include all the research work done to develop the project. Previous
research works including American Sign Language basics, hand feature recognition, hand
gesture classification methods are used as pre-requisite knowledge for the development of
the project. Similar previous research was taken as a reference for the comparison of the
data and result achievement of the project. Credits are all solely belong the respective

authors.

2.1 American Sign Language

A language is defined as rules-governed communication system, while the studies
discovering and researching those rules are known as linguistics. Basically, then hand sign
language is also of the natural language of human community, and as other communication
system, it allows the user to manipulate the composed symbols to express their thought,

and at the same time, understand others [1].

American Sign Language (ASL) is a language or tool for social communication
within the hearing impairment society. The ASL itself have its own grammars and signs
for the language system, which means, will have an expression, which is mostly used for
communication between the deaf people [1]. Basically, the ASL consist of roughly 6000

gestures of common words with finger spelling [5].



Figure 2.1: The hand sign gestures for American Sign Language alphabets

On the other hand, when the deaf people communicate with the hearing people,
fingerspelling from ASL is commonly used, to spelling out English words by using hand
signs to represent the alphabets. In the fingerspelling, the ASL is a single-handed sign
language, compare to English Sign Language which is consist of two-hand signs. This is
one of the reason of selecting the ASL as the target language in hand sign conversion as it
has significant advantage in a limited space [2]. Figure 2.1 shows the signs used to

represent English alphabets.



2.2 Hand Gesture Tracking and Feature Extraction

Hand gesture tracking is process whereby a system traces the hand of the user, and
able to recognize its gesture and movement. The hand gesture detection process often
requires precise hand features. One of the research has successful developed an approach
of hand gesture recognition based on precise multiple feature point of motion features [6].

Figure 2.2.1 shows the structure of multiple feature point recognition system.

Figure 2.2.1a a multiple feature point’s hand gesture recognition system

The above system utilizes cameras to capture the hand gesture image, and
recognize the captured hand gesture using the proposed approach. Some of the feature
points used in recognition include: fingertip locations, hand palm location, and also the

hand palm movement speed.



