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ABSTRACT 

 
IRIS RECOGNITION FOR MULTIMODAL BASED 

AUTHENTICATION SYSTEM 
 

 
By 

 
Defiana Sulaeman 

Dr. Anto Satriyo Nugroho, Advisor 
Dr. Maulahikmah Galinium, M.Sc, Co-Advisor 

 
 

SWISS GERMAN UNIVERISTY 
 
 

 
In the past few years, Agency of the Assessment and Application of 

Technology (BPPT) and Swiss German University’s students have conducted 

several researches regarding those biometrics aspects. In 2012, Valentina 

developed prototype system for iris recognition. Then, this system was 

enhanced by Sentanoe (2014). However, the result of the research still needs 

to be improved, especially in the accuracy of the segmentation module and 

the performance of the system. Therefore, in this research, the system is 

enhanced. Then, it is integrated with the iris scanner, the fingerprint scanner, 

and the open-source fingerprint recognition system to develop a multimodal 

based authentication system. In terms of result, this experiment shows quite 

promising results, which are 97% success rate for the iris segmentation 

module, 97% success rate for the matching module, and seven times faster 

processing speed of the iris matching module. 

Keywords: Biometrics, Iris Recognition, Iris Segmentation, Iris Feature Extraction, 
Iris Matching, Multi-modal System  



Iris Recognition for Multimodal Based  
Authentication System Page 4 of 129 

 

  Defiana Sulaeman 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© Copyright 2015 
by Defiana Sulaeman 

All rights reserved 
  



Iris Recognition for Multimodal Based  
Authentication System Page 5 of 129 

 

  Defiana Sulaeman 

DEDICATION 

 

I dedicate this work to my family, friends, and lecturers, which always support and 
encouraging me.  



Iris Recognition for Multimodal Based  
Authentication System Page 6 of 129 

 

  Defiana Sulaeman 

ACKNOWLEDGEMENTS 

 
 
First and foremost, thanks to Lord for all of his guidance, blessings, and grace. 

Then, I would like to express my sincere gratitude to Mr. Anto Satriyo Nugroho as my 

thesis advisor. His helps, guidance, and patience play a big role in this thesis works. 

Also thanks to my co-Advisor, Mr. Maulahikmah Gallinium, who always encourage 

me to finish this thesis. 

Not to forget, I would also thank all of IT Department of Swiss German University 

lecturers and staffs, Mr. Kho, Mr. Charles, Mr. James, Mr. Amin, Mr. Randy, Mrs. 

Rachmawati, and many others, for all of their helps during my study in Swiss German 

University. 

Also thanks to all BPPT staffs, especially Mr. Yuki, Mr. Ruli, Ms. Vira, Mrs. Vitri, 

Mrs. Desi, and Mr. Made. Their helps and jokes during this research are big support 

and refreshment for me. 

Last but not least, thanks to my family and friends, who always comfort, support, and 

encourage me.  



Iris Recognition for Multimodal Based  
Authentication System Page 7 of 129 

 

  Defiana Sulaeman 

TABLE OF CONTENTS 

STATEMENT	
  BY	
  THE	
  AUTHOR	
  .......................................................................................	
  2	
  

ABSTRACT	
  ............................................................................................................................	
  3	
  

DEDICATION	
  ........................................................................................................................	
  5	
  

ACKNOWLEDGEMENTS	
  ....................................................................................................	
  6	
  

TABLE	
  OF	
  CONTENTS	
  ........................................................................................................	
  7	
  

LIST	
  OF	
  FIGURES	
  ..............................................................................................................	
  10	
  

LIST	
  OF	
  TABLES	
  ................................................................................................................	
  15	
  

CHAPTER	
  1	
   –	
  INTRODUCTION	
  ..................................................................................	
  16	
  

1.1	
   General	
  Statement	
  of	
  Problem	
  Area	
  ........................................................................	
  16	
  
1.2	
   Research	
  Purpose	
  And	
  Scope	
  .....................................................................................	
  18	
  
1.3	
   Research	
  Limitations	
  ....................................................................................................	
  19	
  
1.4	
   Research	
  Problem	
  ..........................................................................................................	
  19	
  
1.5	
   Significance	
  of	
  Study	
  .....................................................................................................	
  21	
  
1.6	
   Research	
  Questions	
  and	
  Hypothesis	
  .......................................................................	
  22	
  
1.6.1	
   Questions	
  ...................................................................................................................................	
  22	
  
1.6.2	
   Hypothesis	
  .................................................................................................................................	
  22	
  

1.7	
   Methodology	
  ....................................................................................................................	
  23	
  
1.8	
   Thesis	
  Structure	
  .............................................................................................................	
  24	
  
1.8.1	
   Chapter	
  1	
  –	
  Introduction	
  .....................................................................................................	
  24	
  
1.8.2	
   Chapter	
  2	
  –	
  Literature	
  Review	
  ..........................................................................................	
  24	
  
1.8.3	
   Chapter	
  3	
  –	
  Proposed	
  System	
  ...........................................................................................	
  25	
  
1.8.4	
   Chapter	
  4	
  –	
  Experimental	
  Results	
  ...................................................................................	
  25	
  
1.8.5	
   Chapter	
  5	
  –	
  Conclusion	
  and	
  Future	
  Works	
  .................................................................	
  25	
  

CHAPTER	
  2	
   –	
  LITERATURE	
  REVIEW	
  .......................................................................	
  26	
  

2.1	
   Human	
  Iris	
  ........................................................................................................................	
  26	
  
2.2	
   Iris	
  Recognition	
  ..............................................................................................................	
  27	
  
2.3	
   Fingerprint	
  Recognition	
  ..............................................................................................	
  28	
  
2.4	
   Multimodal	
  Biometric	
  Authentication	
  ....................................................................	
  28	
  
2.5	
   Geodesic	
  Active	
  Contour	
  ..............................................................................................	
  29	
  



Iris Recognition for Multimodal Based  
Authentication System Page 8 of 129 

 

  Defiana Sulaeman 

2.6	
   Otsu	
  Global	
  Thresholding	
  ...........................................................................................	
  30	
  
2.7	
   Sobel	
  Edge	
  Detector	
  ......................................................................................................	
  31	
  
2.8	
   Vertical	
  and	
  Horizontal	
  Projection	
  ..........................................................................	
  34	
  
2.9	
   Daugman’s	
  Rubber	
  Sheet	
  Model	
  ...............................................................................	
  35	
  
2.10	
   2D	
  Gabor	
  Wavelets	
  ......................................................................................................	
  36	
  
2.11	
   Related	
  Work	
  ................................................................................................................	
  37	
  

CHAPTER	
  3	
   -­‐	
  PROPOSED	
  SYSTEM	
  ............................................................................	
  41	
  

3.1	
   System	
  Overview	
  ............................................................................................................	
  41	
  
3.2	
   Iris	
  Recognition	
  System	
  ...............................................................................................	
  42	
  
3.2.1	
   Image	
  Acquisition	
  ...................................................................................................................	
  43	
  
3.2.2	
   Preprocessing	
  ..........................................................................................................................	
  44	
  
3.2.3	
   Segmentation	
  ...........................................................................................................................	
  45	
  
3.2.3.1	
   Initial	
  Point	
  Localization	
  .............................................................................................................	
  46	
  
3.2.3.2	
   Conditional	
  Dilation	
  ......................................................................................................................	
  49	
  
3.2.3.3	
   Boundary	
  Extraction	
  and	
  Segmentation	
  ..............................................................................	
  50	
  

3.2.4	
   Normalization	
  and	
  Unwrapping	
  ......................................................................................	
  52	
  
3.2.5	
   Feature	
  Extraction	
  .................................................................................................................	
  53	
  
3.2.6	
   Matching	
  .....................................................................................................................................	
  55	
  

3.3	
   Fingerprint	
  Recognition	
  System	
  ...............................................................................	
  57	
  
3.4	
   Multimodal	
  and	
  Final	
  Decision	
  .................................................................................	
  58	
  

CHAPTER	
  4	
   –	
  EXPERIMENT	
  RESULT	
  .......................................................................	
  60	
  

4.1	
   Result	
  Overview	
  .............................................................................................................	
  60	
  
4.2	
   Experimental	
  Data	
  .........................................................................................................	
  60	
  
4.3	
   Research	
  Environment	
  .................................................................................................	
  60	
  
4.4	
   Result	
  Discussion	
  ...........................................................................................................	
  61	
  
4.4.1	
   Iris	
  Recognition	
  Result	
  .........................................................................................................	
  61	
  
4.4.1.1	
   General	
  Result	
  and	
  Accuracy	
  ....................................................................................................	
  61	
  
4.4.1.2	
   Performance	
  .....................................................................................................................................	
  80	
  
4.4.1.3	
   Resources	
  Needed	
  .........................................................................................................................	
  84	
  
4.4.1.4	
   Comparison	
  with	
  Previous	
  Work	
  ............................................................................................	
  88	
  

4.4.2	
   Fingerprint	
  Recognition	
  Result	
  ........................................................................................	
  96	
  
4.4.3	
   Multimodal	
  Attendance	
  System	
  Result	
  .........................................................................	
  97	
  

CHAPTER	
  5	
   –	
  CONCLUSION	
  .....................................................................................	
  101	
  



Iris Recognition for Multimodal Based  
Authentication System Page 9 of 129 

 

  Defiana Sulaeman 

5.1	
   Conclusion	
  .....................................................................................................................	
  101	
  
5.2	
   Future	
  Work	
  .................................................................................................................	
  101	
  
5.3	
   Contributions	
  ...............................................................................................................	
  102	
  

REFERENCES	
  ...................................................................................................................	
  103	
  

GLOSSARY	
  ........................................................................................................................	
  107	
  

APPENDIX	
  A	
  –	
  APPLICATION	
  SCREENSHOTS	
  .......................................................	
  109	
  

APPENDIX	
  B	
  -­‐	
  JOURNAL	
  ..............................................................................................	
  110	
  

CURICULUM	
  VITAE	
  .......................................................................................................	
  128	
  

	
  

 

  


