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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in  

fulfillment of the requirement for the degree of Master of Science 

 

 

SINGLE HAND INDIAN CLASSICAL GESTURE RECOGNITION BASED 
ON DISCRETE WAVELET TRANSFORM AND DISCRETE COSINE 

TRANSFORM FEATURE EXTRACTION 
 

By 

 

KAVITHA JAGANTHAN 
 

September 2015 
 
 
Chairperson :  Lili Nurliyana Binti Abdullah,PhD 
Faculty :     Computer Science and Information Technology 
 

 

Hand gestures in Bharatanatyam dance carry valuable information. Learning the 

meaning of hand gesture, mimic and practice them with the best way and high 

matching for the people who want to be expert in this field is necessary. Therefore, 

hand gesture recognition system can be implemented to help people to learn it 

effectively and efficiently. In this thesis, a combined feature extraction method based 

on the Discrete Wavelet Transform (DWT) and Discrete Cosine Transform (DCT) is 

proposed. DWT with two level decompositions is applied to the image by size of 128 

× 128. Two-dimensional DCT is then applied and convert the coefficients of DCT to 

vector. Finally, neuro fuzzy classifier is used to classify the given images in some 

given classes. The results are shown in a graphical format to prepare a good 

understanding in final stage for the user. A suitable number of images with good 

illumination for different applications have been created. Many types of image 

processing techniques like scaling and translation can also be applied to the original 

database and make ready more options for any future study. The experimental results 

show that the proposed method has good performance in most of single hand 

gestures. The dataset of single hand gesture in Bharatanatyam dance has been 

successfully created and it could serve as a benchmark data set as well. Our proposed 

system is able to recognize single hand gesture with the accuracy of 93%. At the 

testing stage, 130 out of 140 images of single hand gestures are correctly classified 

by the proposed graphic user interface GUI. This is because the parameters identified 

were the right signal, which gave the best 70 features to be classified and recognized. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

sebagai memenuhi keperluan untuk ijazah Master Sains 

 

 

PENGECAMAN GERAK ISYARAT TRIAN TRADISI INDIA TANGAN 
TUNGGAL BERASASKAN PENGEKSTRAKAN SIFAT DISKERET 
WAVELET TRANSFORM DAN DISKRET KOSINUS TRANSFORM 

 
Oleh 

 

KAVITHA JAGANATHAN 
 

September 2015 
 
 
Pengerusi :  Lili Nurliyana Binti Abdullah,PhD 
Fakulti :  Komputer Sains dan Teknologi Maklumat 
 

 

Gerak isyarat tangan dalam  tarian Bharatanatyam membawa informasi yang 

berguna. Mempelajari maksud gerak isyarat tangan, mimik dan menjalani latihan 

dengan cara yang terbaik amat diperlukan oleh individu yang berminat dalam bidang 

ini. Oleh itu, sistem pengecaman gerak isyarat tangan harus dibangunkan untuk 

membantu golongan yang mahu mempelajarinya secara efektif dan cekap. Dalam 

tesis ini, kaedah pengekstrakan sifat yang telah digabungkan  iaitu Discrete Wavelet 

Transform (DWT) dan Discrete Cosine Transform (DCT) telah dicadangkan. DWT 

dengan dua aras leraian diaplikasikan pada imej bersaiz 128 x 128. DCT dengan 2 

dimensi kemudiannya diaplikasikan pada bahagian terpilih dan koefisien DCT 

tersebut akan ditukar kepada vektor. Akhirya, pengelas neuro fuzzy digunakan untuk 

mengelaskan imej yang diberi pada kelas-kelas yang tertentu. Hasil kajian 

dipaparkan dalam format grafik bagi memudahkan pengguna akhir memahami hasil 

yang ditemui. Hasil eksperimen menunjukkan bahawa kaedah yang dicadangkan 

mempunyai prestasi yang baik pada gerak isyarat tangan tunggal. Beberapa sesuai 

imej dengan pencahayaan yang baik untuk aplikasi yang berbeza telah diwujudkan. 

Banyak jenis teknik-teknik pemprosesan imej seperti putaran, bersisik, dan 

terjemahan juga boleh memohon kepada pangkalan data asal dan bersedia membuat 

pilihan bagi mana-mana kajian.Sistem cadangan tesis ini dapat mengenali isyarat 

tangan tunggal dengan had ketepatan 93%. 130 daripada 140 imej isyarat tangan 

tunggal dengan betul diklasifikasikan oleh sistem yang dicadangkan. Ini adalah 

kerana parameter yang dikenal pasti adalah isyarat yang tepat yang memberikan yang 

terbaik 70 ciri untuk dikelaskan dan diiktiraf. 

 

 



© C
OPYRIG

HT U
PM

iii 

 

ACKNOWLEDGEMENTS 
 
 

Thank God for everything during my voyage of knowledge exploration. First and 

foremost, I would like to express my gratitude to my supervisor, Dr.Lili Nurliyana 

Binti Abdullah to who I am indebted to for the whole of my life. I wish I could repay 

her. Next, I would like to forward my warmest appreciation to the supervisory 

committee for their guidence, suggestions and advice throughout this work to make it 

a success. 

 

 

My deepest thanks go to all the lecturers and staff in my department who are so kind 

and assisted me during my study. I would like to express my highest appreciation to 

my beloved husband Ambrose Solomon, dad Dr.M.Jaganathan, mom Mrs. 

Pusphalechumy, family members and friends who supported me in this study. 

 

 

My sincere thanks goes to my all my friends, especially Julie, Mohammad and others 

for their kindness and moral support during my study. I thank them for the friendship 

and memories. To those who indirectly contributed to this research, your kindness 

means a lot to me. 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

v 

 

This thesis was submitted to the senate of Universiti Putra Malaysia and has been 

accepted as fulfilment the requirements for the degree of Master of Science. The 

members of the Supervisory Committee were as follows: 

 

Lili Nurliana, PhD 
Associate Professor  

Faculty of Computer Science 

Universiti Putra Malaysia 

(Chairman) 

 
Razali Yaakob, PhD 
Associate Professor  

Faculty of Computer Science 

Universiti Putra Malaysia 

(Member) 

 

 

 

 

 

 

BUJANG KIM HUAT, PhD 
       Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

 

Date:  
 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

vi 

 

Declaration by graduate student 
 

 

I hereby confirm that:  

 this thesis is my original work;  

 quotations, illustrations and citations have been duly referenced;  

 this thesis has not been submitted previously or concurrently for any other 

degree at any other institutions;  

 intellectual property from the thesis and copyright of thesis are fully-owned by 

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 

(Research) Rules 2012;  

 written permission must be obtained from supervisor and the office of Deputy 

Vice-Chancellor (Research and Innovation) before thesis is published (in the 

form of written, printed or in electronic form) including books, journals, 

modules, proceedings, popular writings, seminar papers, manuscripts, posters, 

reports, lecture notes, learning modules or any other materials as stated in the 

Universiti Putra Malaysia (Research) Rules 2012;  

 there is no plagiarism or data falsification/fabrication in the thesis, and 

scholarly integrity is upheld as according to the Universiti Putra Malaysia 

(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra 

Malaysia (Research) Rules 2012. The thesis has undergone plagiarism 

detection software.  

 

  

 

Signature: _______________________ Date: __________________  

 

 

Name and Matric No.: Kavitha Jaganathan, GS27396  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

vii 

 

Declaration by Members of Supervisory Committee  
  

 

This is to confirm that:  

 the research conducted and the writing of this thesis was under our supervision;  

 supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) are adhered to.  

 

  

Signature:   

Name of  

Chairman of 

Supervisory 

Committee: 

 

 

 

Associate Professor Lili Nurliana 

 

 

 

 

Signature: 

  

Name of  

Member of 

Supervisory 

Committee: 

 

 

 

Associate Professor Razali Yaakob 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

viii 

 

TABLE OF CONTENTS 
 
 

 Page 
ABSTRACT i 

ABSTRAK ii 

ACKNOWLEDGEMENTS iii 

APPROVAL iv 

DECLARATION vi 

LIST OF TABLES x 

LIST OF FIGURES 
 
CHAPTER 

xi 

  

1       INTRODUCTION 
1.1 Introduction 

1.2 Motivation and Background of Study 

1.3 Problem Statement 

1.4 Research Objectives 

1.5 Significance of Study 

1.6 Scope of Study 

1.7 Thesis Organization 
 

 

1 

1 

1 

2 

3 

3 

3 

4 

 
2       LITERATURE REVIEW 

2.1     Introduction 

2.2     Overview of Gesture Recognition System 

2.3     Hand Gesture in Bharatanatyam  

2.4     Single Hand Gesture Recognition System 

2.5     Feature Extraction 

2.6     Classification 

2.7     Static Hand Gesture Recognition Methods Comparison 

2.8     Conclusion 

 
 

5 

5 

5 

11 

12 

12 

15 

16 

22 

   

3       METHODOLOGY 
3.1     Introduction 

3.2     Proposed work flow for Single Hand Gesture Recognition 

3.3     Dataset Collection  

3.4     Skin Color Detection 

3.5     Feature Extraction 

          3.5.1    Discrete Wavelet Transform (DWT) 

          3.5.2    Discrete Cosine Transform (DCT) 

          3.5.3    Combination of DWT and DCT Features 

3.6     Neuro Fuzzy Classifier 

3.7     Conclusion 
 

 

23 

23 

24 

26 

28 

28 

30 

31 

32 

34 

 

 

 

 



© C
OPYRIG

HT U
PM

ix 

 

4       RESULT AND DISCUSSION 
4.1     Introduction 

4.2     Evaluation of Proposed Single Hand Gesture Recognition  

          System 

          4.2.1    Image acquisition 

          4.2.2    Criteria of database 

4.3     Experimental Result 

4.4     Comparison with DWT and DCT 

4.5    Feature Space Comparison 

4.6     Discussion 

4.5     Conclusion 

 
 

35 

35 

35 

 

37 

37 

39 

43 

45 

46 

47 

5       CONCLUSION AND FUTURE DIRECTION 
5.1     Introduction 

5.2     Contribution 

5.3     Limitation 

5.4     Future Works 

5.5     Conclusion 

 
 

48 

48 

49 

49 

49 

49 

 
REFERENCES 
APPENDICES 
BIODATA OF STUDENT 
PUBLICATION 

50 

55 

60 

63 
 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

x 

 

LIST OF TABLES 
 
 

Table  Page 
2.1         Analysis of hand gesture recognition 

2.2         Single hand gesture recognition result with current dataset 

2.3         Summary of static single hand gesture recognition approaches 

8 

20 

21 

4.1         Description of hand gesture classes for system evaluation 

4.2         Features selection for hand gesture database 

4.3         Confusion matrix of binary classification 

4.4         Tabular form of result analysis of the proposed system 

4.5         Wrong Classification Results in Testing Stage 

4.6         Performance comparison 

4.7         Comparison of feature space applied in proposed system 

36 

37 

42 

42 

43 

44 

45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xi 

 

LIST OF FIGURES 
 
 

Figure Page 

2.1         Taxonomy of hand gesture categories 

2.2         An Overview of gesture recognition framework 

2.3         Gesture recognition techniques 

2.4         Image of 28 single hand gestures in Bharatanatyam dance 

2.5         Sample gesture of 28 hand gesture Bharatanatyam.  

              (i) Silhouette, (ii) Boundary, (iii) Skeleton 

5 

6 

7 

12 

14 

3.1         Process flow of the proposed method 

3.2.        Image acquisition perspective view 

3.3         Example of Thisula hand gesture collection in our dataset 

3.4         Skin detection 

3.5         Illustration of skin detection procedure. The region of skin is    

              detected based on predefined threshold and followed by the marking  

             of the skin pixels  

3.6         Joint spatial and frequency representation of three level 2D DWT 

3.7        The output of DWT with two decompositions 

3.8        An example of wavelet coefficients representation. 

             (a) 32x32 wavelet coefficients approximation and;  

              (b) 32x32 wavelet coefficients approximation after applying DCT 

3.9        Combination of DWT and DCT coefficients 

3.10      An illustration of neuro fuzzy classifier 

24 

25 

26 

26 

27 

 

 

29 

30 

31 

 

 

32 

33 

4.1.       Shows the capturing space and position of the hand gesture 

4.2         Interface of the proposed system for single hand gesture recognition 

4.3        Example of correctly classified image:  

             a) image 1 in Class 1; b) image 21 in Class 3 

4.4        Example of misclassified image: a) image 24 in Class 25; 

             b) image 98 in Class 2. 

4.5        Classification recognition rate for testing stage. 

             (i) Class 1 to 14 in Testing, (ii) Class 15 to 28 

4.6        Result of classification task when using: (a) DWT; (b) DCT 

4.7         Comparison of performance of feature space applied in the system 

37 

38 

39 

 

40 

 

41 

 

44 

46 

 



© C
OPYRIG

HT U
PM

1 

 

CHAPTER 1 
 
 

INTRODUCTION 
 
 

1.1 Introduction 

 
The culture of India is rich and has a lot of diversities. The elements of India’s 

cultures include religions, languages and literatures, performing arts (dances, music 

and drama), clothing, cuisines and so on. These diversities have had a deep impact 

across the globe.  

 

 

The Indian classical dance is the highest form of art for Indian people and there are 

many variations of the dance forms. It includes Bharanatyam, Odissi, Kuchipudi, 

Kathakali, Kathak and so on. Bharanatyam has originated in the temples of Tamil 

Nadu, South India and executed mostly by women. It is named after the fifth Veda 

and considered to be the oldest dance form in India. The performer should have the 

knowledge of the features of the Bharanatyam dance style in order to perform it. The 

features are emphasized in the dance style as it conveys different kind of emotions to 

the spectator and act as an approach of communication. 

 

 

Since the hand gesture is one of the important features in Bharanatyam dance, it is 

noteworthy to conduct a research on hand gesture recognition for the dance as it can 

bring some benefits to the people who wants to learn the dance via the internet or 

interactive multimedia products. This thesis intends to implement a fusion of image 

processing techniques with the aim of improvising the recognition rate of hand 

gesture movement in Bharatanatyam dance.  

 

 

1.2 Motivation and Background of Study  
 

In general, there are four vital techniques which include Hasta (expressive hand 

gestures), Karanas (transitional movements), Adavus (series of steps) and Bhedas, 

eyes and neck movements in Bharanatyam dance (Verma, 2009) Hasta refers to a 

variety of hand gestures used by the dancer and regarded as a significant feature of 

Bharanatyam dance. It can be classified into two categories: i) Asamyukta Hasta 

(single hand gestures); and ii) Samyukta Hasta (double hand gestures). There are 28 

Asamyukta Hasta and 24 Samyukta Hasta. The Asamyukta Hasta is done using a 

single hand which includes a hand gesture of Pataka (flag), Kartarimukha (arrow 

shaft), Mayura (peacock), Ardhachandra (half-moon), to name a few. These single 

hand gestures are relatively unchanged over the years (Verma, 2009). 

 

 

Single hand gesture recognition of dance form is one of the important research areas 

in computer vision field with many potential applications. It is firstly required to 

offer more accessibility and lesson to the common people, especially the beginner 
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dancer, to learn the dance form and as self-assessment  (Mozarkar & Warnekar, 

2013).  

 

 

In addition, it is essential to conduct a study on the feature extraction method in 

gesture recognition as it is one of the main phases in classification task. Feature 

extraction begins with an initial set of data and then it builds derived values, which is 

informative and assists the generalization step in the task. It also facilitates better 

human interpretation in image processing and pattern recognition field. Given a 

single hand gesture image, our proposed approach aims to detect and classify the 

gesture that was performed with higher accuracy.  

 

 

1.3 Problem Statement   
 
The hand gesture is one of the prominent features of Bharanatyam form. To the best 

of our knowledge, a method to recognize and classify single hand gesture in 

Bharanatyam dance is still lack in the literature. Most of the previous dance gesture 

studies are focusing on the other body parts motion or skeleton structure for dance 

gesture recognition (Dong et al., 2006; Heryadi et al., 2012). (Saha et al., 2013(a)) 

research shows a accuracy of only 85.1% and some of the other research on single 

hand gesture in Bharanatyam had shown promising performance but there is still 

room for improvement in terms of recognition rate (Hariharan et al., 2011)  

 

 

The DCT is used transformation for data compression. It is an orthogonal transform, 

which has a fixed set of image and is better compared to Edge Oriented Histogram. 

The system gives better results with higher resolution web cameras. The 

segmentation of image gives better results if the light conditions are good according 

to Pansare, J. R., Kadam, S., Dhawade, O., & Chauhan, P. (2013). In this paper, 

DWT is applied on the obtained images and some features are extracted using the 

wavelet coefficients. Experimental results showed recognize 32 selected PSL 

alphabets with an average classification accuracy of 94.06% (Karami, A., Zanj, B., & 

Sarkaleh, A. K. (2011)). Therefore, we attempt to propose a combined feature 

extraction method to recognize the single hand gestures in Bharanatyam dance in 

order to fill the research gap.   

 

 

(Hsieh, C. C., Liou, D. H., & Lee, D. (2010, July)) paper shows that they have 

developed a simple and fast motion history image based method. Four groups of 

haar-like directional patterns were trained for the up, down, left, and right hand 

gestures classifiers. Together with fist hand and waving hand gestures, there were 

totally six hand gestures defined. Five persons doing 250 hand in front of the web 

camera were tested. Experimental results show that the processing time is 3.81 ms 

per frame which inspired our research to reduce our complexity computing.  
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1.4 Research Objectives  
 

The main objective of this thesis is to propose a single hand gesture recognition 

system for identification of single hand gesture in Bharatanatyam dance form based 

on contemporary feature extraction and pattern classification technique.  

 

 

The sub-objectives are as follows: 

 

I. To improve the hand gesture extraction using the combination of discrete 

wavelet transform and discrete cosine transform. 

II. To increase the recognition rate performance in single hand gesture 

recognition. 

III. To reduce the complexity of computing.  

 

 

1.5 Significance of Study 
 
It is very significant to conduct a study on hand gesture recognition in Bharanatyam 

dance since the hand gestures carry valuable information and thus, it is crucial for the 

dancer to perform the dance correctly. As the technology is advancing rapidly, it 

becomes easier to learn the hand gestures in Bharanatyam dance via the internet or 

any interactive media.  

 

 

Our proposed approach can serve as learning tool or program for dancer who is 

interested to learn the hand gesture in Bharanatyam dance. In this study, the gesture 

is focused on the single hand as it is the fundamental step and one of the most 

prominent features in Bharanatyam dance. Hence, the conduct of the study is very 

significant in assisting dancer to learn the basic step in this dance. In addition, it is 

also important to highlight the use of the combination of discrete wavelet transform 

and discrete cosine transform in feature extraction phase, which increases the 

performance of the overall recognition system. The output of this study can be used 

as future reference and benchmarking.   

 

 

1.6 Scope of Study 
 

The proposed scope of work aims at recognizing automatically an unknown hand 

gesture, simultaneously measuring the proximity of an unknown hand gesture to a 

known gesture, which enables dancer enhancement towards the performance. Scope 

of study of the thesis are 

 

 indian classical hand gesture data set creation 

 skin color detection 

 feature extraction of Discrete Wavelet Transform and  

Discrete Cosine Transform 

 single hand gestures recognition rate comparison 

 neuro fuzzy classification 

 real time user interface for e-leaning 
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1.7 Thesis Organization 
 

This thesis consists of five chapters 

 

Chapter 1  discusses background, statement of problem, research objectives,  

                    significance and scope of study.  

Chapter 2  elaborates the previous works that have been done.  

Chapter 3  the methodology adapted to address the problem statement in detail.  

Chapter 4  presents the result of our proposed method and its discussion. 

Chapter 5  is the recommendations for future works and major conclusion is  

                     provided.  
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