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ABSTRACT 

 

 

 

 

One of the challenges in automatic face recognition is to achieve sequential 

face invariant. This is a challenging task because the human face undergoes many 

changes as a person grows older. In this study we will be focusing on age invariant 

features of a human face. The goal of this study is to investigate the face age invariant 

features that can be used for face matching, secondly is to come out with a prototype 

of matching scheme that is robust to the changes of facial aging and finally to 

evaluate the proposed prototype with the other similar prototype. The proposed 

approach is based on automated image segmentation using Voronoi Diagram (VD) 

and Delaunay Triangulations (DT). Later from the detected face region, the eyes will 

be detected using template matching together with DT. The outcomes, which are list 

of five coordinates, will be used to calculate interest distance in human faces.  Later 

ratios between those distances are formulated. Difference vector will be use in the 

proposed method in order to perform face recognition steps. Datasets used for this 

research is selected images from FG-NET Aging Database and BioID Face Database, 

which is widely being used for image based face aging analysis; consist of 15 sample 

images taken from 5 different person. The selection is based on the project scopes 

and difference ages. The result shows that 11 images are successfully recognized. It 

shows an increase to 73.34% compared to other recent methods.  
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ABSTRAK 

 

 

  

 

Salah satu cabaran pemadanan muka secara automatik adalah untuk mencapai 

turutan muka yang tidak berubah mengikut masa. Faktor utama yang menyumbang 

kepada permasalahan ini adalah kerana wajah manusia mengalami banyak perubahan 

sepanjang proses peningkatan usia. Kajian ini akan member tumpuan kepada ciri-ciri 

pada wajah manusia yang tidak berubah mengikut umur. Objektif kajian ini adalah 

untuk menyiasat ciri-ciri pada wajah yang tidak berubah mengikut umur dan boleh 

digunakan untuk memadankan muka, objektif kedua adalah untuk membina prototaip 

system pemadanan wajah yang teguh kepada perubahan penuaan wajah dan akhir 

sekali adalah untuk menilai prototaip yang dicadangkan dengan prototaip lain yang 

hampir serupa. Kajian yang dicadangkan mengunakan segmentasi imej secara 

automatik menggunakan Voronoi Diagram (VD) dan Delaunay Triangulations (DT). 

Kemudian daripada imej wajah yang dikesan, mata akan dikesan menggunakan 

Template Matching bersama-sama dengan DT. Hasilnya, iaitu lima koordinat, akan 

digunakan untuk mengira jarak cirri-ciri penting dalam muka manusia. Kemudian 

antara jarak-jarak ini akan dikira. Difference Vector akan digunakan dalam kaedah 

yang dicadangkan untuk melaksanakan langkah-langkah pengiktirafan muka. Dataset 

yang digunakan di dalam kajian ini merupakan imej-imej yang dipilih dari Pangkalan 

Data Penuaan FG-NET  dan Pangkalan Data Wajah BioID, yang secara meluas 

diterima pakai bagi analisis imej muka berasaskan penuaan. 15 imej sampel yang 

diambil daripada 5 orang yang berbeza. Pemilihan adalah berdasarkan skop projek 

dan perbezaan umur. Hasilnya menunjukkan bahawa 11 imej berjaya dicam. Ia 

menunjukkan peningkatan kepada 73,34% berbanding dengan kaedah lain baru-baru 

ini. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

 Personal verification and identification is an actively growing area of research 

nowadays. Face, voice, lip movements, hand geometry, odor, gait, iris, retina, 

fingerprint are the most commonly used authentication methods. These physiological 

and behavioral characteristics are known as biometrics, contributed significant 

advantages compared to the traditional authentication techniques (Ramesha et al., 

2010). The high demand of the progress in this field is due to the growing role of the 

technology in the modern society. As a result, numbers of application appeared in 

daily tasks such as online electronic commerce, automated factory machines and 

building security system.  

 

 Face recognition is one of the biometrics approaches to identify individuals by 

the features of the face. Research in this area has been conducted for more than 30 

years but only become famous for the past 10 years (Li et al., 2011); therefore, 

currently the face recognition technology is well advanced. Wide range of 

applications has been using this approach such as security and surveillance system, 

human computer interaction, image retrieval, criminal identification, etc. In general, 

the    approach   will be using  a   pre-stored   image   database  where  later  the   face  
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recognition system will be able to identify or verify the person from the captured 

image or another source of images to the one in the database. The age and gender of a 

person are grouped by visual observation of still images where it is difficult for the 

computer vision. Hence, there comes the need to discover the age and gender related 

area for further studies. However, in this project, we will be focusing only on age 

related issues.  

 

 

 

 

1.1 BACKGROUND OF THE PROBLEM 

 

 

 Face recognition across the ages is a significant problem and has many 

applications such as passport photo verification, image retrieval, surveillance (Ling et 

al., 2007), etc. This is a challenging task because the human face undergoes many 

changes as a person grows older. Each person has different facial features in many 

aspects, including facial texture (e.g. wrinkles), shape (e.g. weight gain), facial hair, 

presence of glasses, and exposure to sunlight (Ling et al., 2010), that make us 

different to each other. In addition, the image acquisition environments also have an 

effect on the images captured.  

 

 The performance of face recognition systems cannot challenge with the 

sequential changes over a period of time. Law enforcement agencies such as crime 

and record bureau regularly require matching a probe image with the individuals in 

the missing person database (Singh et al., 2007), or a customs need to compare new 

photo to the previous photo during the passport renewal process. In such applications, 

there are many significant differences between the facial features of probe and gallery 

image due to age variation. For example, if the age of the probe image is 15 years old 

and the gallery image of the same person is 5 years old, an existing matching system 
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is ineffective and might not produce the expected result. Figure 1 shows several 

typical images with different age gaps.  

 

 

 
Figure 1.1 Typical images with age differences. Source images are from the FG-

NET Aging Database, http://www.cut.ac.cy/members/fgnet. 

 

 

 One way to overcome this challenge is to regularly update the database with 

recent images or templates (Singh et al., 2007). However, this method is not suitable 

for applications such as border control, homeland security and missing person 

identification. To address this issue, researchers have proposed several techniques 

which later we will discuss in Chapter 2.    
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1.2 PROBLEM STATEMENT 

 

 

 Determining age-invariant features of a human face is a difficult task since 

human face facing significant changes across time. Still this task is necessary in many 

applications, especially those that require checking whether the same person have 

issued multiple government documents (e.g. passport, identification card and driving 

license) that include facial images (Li et al., 2011). 

 

 In this project, we will study on standard features or also being referred as 

age-invariant features of a human face which later can be used as target points for 

face recognition process. To recognize the face, we will come out with a prototype to 

determine whether the images come from the same person, in whom an individual is 

identified from a large gallery of individuals; in this project we will be using FG-NET 

Aging and BioID face database as our dataset.  

 

 

 

 

1.3 PROJECT OBJECTIVES 

 

 

The objectives of the project are: 

1. To investigate age-invariant features of a human face; 

2. To develop a prototype for face recognition system based on the selected 

features; and 

3. To test and evaluate the accuracy of the proposed prototype by comparing 

with other similar face recognition prototypes. 
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1.4 RESEARCH QUESTIONS 

 

 

The main questions this research motivates to answer are as follows: 

 

1. What are the features of human face that are not changing across age? 

2. How to develop a prototype of the face recognition system? 

3. What is the effectiveness of the proposed prototype with other similar face 

recognition prototype? 

 

 

 

 

1.5 PROJECT AIMS 

 

 

The aim of this study is to investigate the age-invariant features of a human 

face and later develop a prototype of face recognition systems implementing the 

selected features. The prototype will be tested using FG-NET Aging and BioID face 

database as datasets in our experiments. 
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1.6 SCOPES OF THE STUDY 

 

 

The scopes for this study focus on: 

 

1. Only three (3) age-invariant features will be implemented in the prototype;  

2. Image format use for this project will be in Joint Photographic Expert Group 

(.jpg and .jpeg) only; 

3. Images sample will be a face image with frontal faces only; and 

4. The prototype can dealt with color and grayscale images; 

5. Sample face images will be taken from FG-NET Aging and BioID face 

databases; 

6. Age group of the sample images is 18 years old and above. 

 

 

 



86 
 

REFERENCES 

Boissieux, L., Kiss, G., Magnenat-Thalmann, N. andKalra, P. (2000).Simulation of 

skin aging and wrinkles with cosmetics insight.Eur.WkspAnimation & 

Simulation, 15, 2000.6, 7. 

F. Shih and C. Chuang, (2004). Automatic extraction of head and face boundaries and 

facial features. Information Sciences. 158 (2004) 117–130. 

Geng, X., Zhou, Z., and Smith-Miles, K. (2007). Automatic age estimation based on 

facial aging patterns. IEEE TPAMI, 29:2234–2240, 2007. 

I. Lee, Ky. Lee and T. B. Christopher (2009). Voronoi Image Segmentation and Its 

Applications to Geoinformatics JOURNAL OF COMPUTERS, VOL. 4, NO. 

11, NOVEMBER 2009 

ICAO Document 9303, 2004. 

Jain, A. K.Klare, B. Park, U. (2012), Face Matching and Retrieval in 

ForensicsApplications. Multimedia, IEEE ,vol.19, no.1, pp.20, Jan. 2012 

J. Haddadnia, M. Ahmadi and K. Faez, (2002). An Efficient method for Recognition 

of Human Faces Using Higher Orders Pseudo Zernike Moment Invariant. 

IEEE Proc. Fifth Int, Conf on Automatic Face and Gesture Recognition. 20-

21: 315 – 320. May 2002. 

Kochanski, G. (2009). Distance Metrics.Retrieved on 30 March 2012 from 

http://kochanski.org/gpk/research/misc/2004/distance-metric/dist.pdf. 

Li, Z., Park, U., and Jain, A. K. (2011).A Discriminative Model for Age 

InvariantFace Recognition.IEEE Transactions On Information Forensics And 

Security, VOL. 6, NO. 3, SEPTEMBER 2011. 

Lin, Z. X., Yang, W. J., Ho, C. C., and Wu, C. S. (2009). FastVertical-Pose-Invariant 

Face Recognition,” Proceedings of the FourthInternational Conference on 

Autonomous Robots and Agents, pp. 613-617, 10-12 February 2009. 

Linda G. Shapiro and George C. Stockman (2001): “Computer Vision”, pp 279-325, 

New Jersey, Prentice-Hall, ISBN 0-13-030796-3 

Ling, H., Soatto, S.A., Narayanan, R., and Jacobs, D. W.(2010). Face Verification 

Across Age Progression UsingDiscriminative Methods. IEEE Transactions 

On Information Forensics And Security, VOL. 5, NO. 1, MARCH 2010. 



87 
 

Ling, H., Soatto, S.A., Narayanan, R., and Jacobs, D. W.(2007).Study of Face 

Recognition as People Age. Retrieved on 28 March 2012 from 

http://www.vision.cs.ucla.edu/papers/lingSRJ07.pdf 

MAB (2005).Face Variations by Age.Marquardt Beauty Analysis, California. 

Retrieved on 5 April 2012 from 

http://www.beautyanalysis.com/mba_facevariationsbyage_page.htm 

Malkauthekar, M. D.andSapkal, S. D. (2009).Experimental Analysis ofClassification 

of Facial Images.IEEE International AdvanceComputing Conference, 

pp.1093-1098, 6-7 March 2009. 

Masoro, E., and Austad, S., (2010). Handbook of the Biology of Aging,Seventh 

Edition.Academic Press, 2010. 

Park, U., Tong, Y., and Anil, K. J. (2010).Age Invariant Face Recognition.IEEE 

Transactions On Pattern Analysis And Machine Intelligence, VOL. 32, NO. 5, 

MAY 2010. 

Pittenger, J. B.andShaw, R., E. (1975). Aging faces as viscal-elastic 

events:Implications for a theory of nonrigid shape perception.J. 

ofExp.Psychology: Human Perception and Performance, vol. 1, no. 4, pp. 

374–382, 1975. 

Q. Wang and J. Yang (2006). Eye Detection in Facial Images with Unconstrained 

Background School of Computer Science & Technology, Nanjing University 

of Science & Technolog, 200 Xiaolinwei Street, Nanjing, Jiangsu Province, 

210094, China. Received Jun. 2, 2006. Revised Sep. 12, 2006. Published Sep. 

25, 2006. 

Ramesha, K., Raja, K. B., Venugopal K. R., and Patnaik, L. M. (2010).Feature 

Extraction based Face Recognition, Genderand Age Classification. (IJCSE) 

International Journal on Computer Science and Engineering,Vol. 02, No.01S, 

2010, 14-23. 

Rao,G. M., Babu, G. R., Kumari, G. V., and Krishna, N. C. (2009). Methodological 

Approach for Machine based Expressionand Gender Classification,” IEEE 

International Advance Computing Conference, pp. 1369-1374, 6-7 March 

2009. 



88 
 

R. Hsu and M. Abdel-Mottaleb (2002). Face Detection in Color Images. IEEE 

Transaction on Pattern Analysis and Machine Intelligence. May 2002, 24(05): 

696-706. Face Detection in Color Images 

S. Al-amri, N. V. Kalyankar and Khamitkar S. D. (2010). Image Segmentation by 

Using Thershod Techniques. JOURNAL OF COMPUTING, VOLUME 2, 

ISSUE 5, MAY 2010, ISSN 2151-9617 

Sanmati S. Kamath and Joel R. Jackson (2006). Color Image Segmentation In Rgb 

Using Vector Angle And Absolute Difference Measures. 14th European 

Signal Processing Conference (EUSIPCO 2006), Florence, Italy, September 

4-8, 2006, copyright by EURASIP 

Sao, A. K., and Yegnannarayna, B. (2009).Analytic phase-basedrepresentation for 

face Recognition,” Seventh International Conferenceon Advances in Pattern 

Recognition, pp. 453-456, 2009. 

Singh, Vatsa, M., Noore, Afzel, and Singh, S. K. (2007) Age Transformation for 

Improving FaceRecognition Performance 

Suo J. et al. (2007). A Multi Resolution Model for Face Aging Simulation. IEEE 

2007. 

Vadivel, A., Majumdar, A., K., and Sural, S. (2012).Performance comparison of 

distance metrics in content-based Image retrieval applications.Retrieved on 

April 30 2012 from http://www.cic.iitkgp.ernet.in/staff/paper/cit.pdf 

Wu, J. W., Smith, A. P., and Hancock, E. R. (2008).Gender Classificationusing Shape 

from Shading,” International Conference on ImageAnalysis and Recognition, 

pp. 925-934, 2008. 

Y. Xiao and H. Yan, (2002). Facial Feature Location with Delaunay 

Triangulation/Voronoi Diagram Calculation. Australian Computer Society, 

Inc. The Pan-Sydney Area Workshop on Visual Information Processing. 2002 

(VIP2001). 

Xu, F. J., Luu, K., Savvides, M., Bui, T. D., and Chin, Y. S.  (2011). Investigating 

Age Invariant Face RecognitionBased on Periocular Biometrics 2011. 



89 
 

Yas A. Alsultanny (2010). Color Image Segmentation to the RGB and HSI Model 

Based on Region Growing Algorithm. Retrieved from http://www.wseas.us/e-

library/conferences/2010/Harvard/CEA/CEA-08.pdf on 30 Nov 2012 




