Lecture Notes in Computer Science

Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison
Lancaster University, UK

Takeo Kanade

Carnegie Mellon University, Pittsburgh, PA, USA
Josef Kittler

University of Surrey, Guildford, UK
Jon M. Kleinberg

Cornell University, Ithaca, NY, USA

Friedemann Mattern
ETH Zurich, Switzerland

John C. Mitchell
Stanford University, CA, USA

Moni Naor
Weizmann Institute of Science, Rehovot, Israel

Oscar Nierstrasz

University of Bern, Switzerland
C. Pandu Rangan

Indian Institute of Technology, Madras, India
Bernhard Steffen

University of Dortmund, Germany
Madhu Sudan

Massachusetts Institute of Technology, MA, USA
Demetri Terzopoulos

New York University, NY, USA
Doug Tygar

University of California, Berkeley, CA, USA
Moshe Y. Vardi

Rice University, Houston, TX, USA
Gerhard Weikum

Max-Planck Institute of Computer Science, Saarbruecken, Germany

3338



Stan Z. Li Jianhuang Lai
Tieniu Tan Guocan Feng
Yunhong Wang (Eds.)

Advances in
Biometric
Person Authentication

5th Chinese Conference on
Biometric Recognition, SINOBIOMETRICS 2004

Guangzhou, China, December 13-14, 2004
Proceedings

@ Springer



Volume Editors

Stan Z. Li

Tieniu Tan

Yunhong Wang

Chinese Academy of Sciences

Institute of Automation, P.O. Box 2728, Beijing, 100080, China
E-mail: {szli,tnt,wangyh} @nlpr.ia.ac.cn

Jianhuang Lai

Guocan Feng

Sun Yat-sen University

Center of Computer Vision, Guangzhou, 510275, China
E-mail: {stsljh,mcsfgc} @zsu.edu.cn

Library of Congress Control Number: 2004116259

CR Subject Classification (1998): 1.5, 1.4, 1.3, H.5, C.3, K.6.5

ISSN 0302-9743
ISBN 3-540-24029-2 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer. Violations are liable
to prosecution under the German Copyright Law.

Springer is a part of Springer Science+Business Media
springeronline.com

© Springer-Verlag Berlin Heidelberg 2004
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper SPIN: 11364870 06/3142 543210



Preface

Following the previous four annual conferences, the 5th Chinese Conference on
Biometrics Recognition (Sinobiometrics 2004) was held in Guangzhou, China in
December 2004. The conference this year was aimed at promoting the international
exchange of ideas and providing an opportunity for keeping abreast of the latest
developments in biometric algorithms, systems, and applications. The 1st Biometrics
Verification Competition (BVC) on face, iris, and fingerprint recognition was also
conducted in conjunction with the conference.

This book is composed of 74 papers presented at Sinobiometrics 2004,
contributed by researchers and industrial practitioners from Korea, Japan, Singapore,
Hong Kong, France, UK, US, as well as China. Of these, 60 papers were selected
from 140 submissions and 14 were invited. The papers not only presented recent
technical advances, but also addressed issues in biometric system design,
standardization, and applications.

Included among the invited were four feature papers on the ideas and algorithms
of the best-performing biometric engines, which were either competition winners at
the Face Authentication Test (FAT) 2004 or the Fingerprint Verification Competition
(FVC) 2004, or they were the best-performing iris and palmprint recognition
algorithms.

The papers were complemented by five keynote lectures on biometrics, and face,
fingerprint, and iris authentication and multimodal fusion by Arun Ross (West
Virginia University) and Anil K. Jain (Michigan State University), Josef Kittler
(University of Surrey), John Daugman (University of Cambridge), Raffaele Cappelli
(University of Bologna), and Stan Z. Li (Chinese Academy of Sciences).

We wish to express our gratitude to all those who helped organize
Sinobiometrics 2004 and who contributed to the conference. We would like to thank
the Program Committee who selected the best papers from a large number of
submissions. Special thanks are due to the organizing team at Sun Yat-sen University
and the Institute of Automation for their effort to make the conference a success.

December 2004 Stan Z. Li
Jianhuang Lai

Tieniu Tan

Guocan Feng

Yunhong Wang



Organization

Advisory Committee

Anil K. Jain, Michigan State University, USA
Zhaoqi Bian, Tsinghua University, China

General Chairs

Daren Huang, Sun Yat-sen University, China
Tieniu Tan, Institute of Automation, Chinese Academy of Sciences

Program Chairs

Stan Z. Li, Institute of Automation, Chinese Academy of Sciences
Yunhong Wang, Institute of Automation, Chinese Academy of Sciences
Daoqing Dai, Sun Yat-sen University, China

Program Committee

Xilin Chen, Harbin Institute of Technology, China

Guocan Feng, Sun Yat-sen University, China

Dewen Hu, National University of Defense Technology, China
Jianmin Jiang, University of Bradford, UK

Jianhuang Lai, Sun Yat-sen University, China

Mingquan Quan, Northwest University, China

Arun Abraham Ross, West Virginia University, USA

Shiguang Shang, Chinese Academy of Sciences, China

Zheng Tan, Xi'an Jiaotong University, China

Xiaoou Tang, Chinese University of Hong Kong, Hong Kong, China
Yuanyan Tang, Hong Kong Baptist University, Hong Kong, China
Yangsheng Wang, Institute of Automation, Chinese Academy of Sciences
Chaohui Wu, Zhejiang University, China

Xihong Wu, Beijing University, China

Hong Yan, City University of Hong Kong, Hong Kong, China

Jingyu Yang, Nanjing University of Science and Technology, China
Lihua Yang, Sun Yat-sen University, China

Pong C. Yuen, Hong Kong Baptist University, Hong Kong, China
Changshui Zhang, Tsinghua University, China

David Zhang, Hong Kong Polytechnic University, Hong Kong, China



VIII Organization

Organized by

Sun Yat-Sun University, China
Institute of Automation, Chinese Academy of Sciences, China
Guangdong Society of Image and Graphics, China

Organizing Committee Chair

Jianhuang Lai, Sun Yat-sen University, China

Organizing Committee Members

Guocan Feng, Sun Yat-sen University, China

Miao Hong, Institute of Automation, Chinese Academy of Sciences
Xing Li, Sun Yat-sen University, China

Yuan Wang, Institute of Automation, Chinese Academy of Sciences
Lihua Yang, Sun Yat-sen University, China

Pong C. Yuen, Hong Kong Baptist University, Hong Kong, China
Weishi Zheng, Sun Yat-sen University, China

Web Publishing

Miao Hong, Institute of Automation, Chinese Academy of Sciences

Steering Committee

Tieniu Tan, Institute of Automation, Chinese Academy of Sciences
Anni Cai, Bejing University of Posts and Telecommunications, China
Wen Gao, Chinese Academy of Sciences, China

Stan Z. Li, Institute of Automation, Chinese Academy of Sciences
Pengfei Shi, Shanghai Jiao Tong University, China

Jie Tian, Institute of Automation, Chinese Academy of Sciences
Guangyou Xu, Tsinghua University, China



Sponsors

A

Sensing tomorrow™

e F
Keeia

wireinile.gosco

Institute of Automation
Chinese Academy of Sciences

Sun Yat-sen University

Omron Corporation

National Natural Science Foundation of
China (NSFC)

China Society of Image and Graphics

Chinese Association of Automation



Table of Contents

Part I Biometrics

Biometrics: When Identity Matters
Arun Ross, AL K. JAIN.......cc..oooiiiiiiiiiiiiiiiii i

Face Recognition: Technical Challenges and Research Directions
SIan Z. Li.....oooooiiiiiiii

The State of the Art in Fingerprint Classification
Raffaele Cappelli.............cououiiniiii i e

Recognising Persons by Their Iris Patterns
JORIN DAUZIMAIL. ... viii e e e e e

Multiple Classifier Fusion for Biometric Authentication
JOSCO  KUTIOT .. oo e e

Performance Evaluation in 1:1 Biometric Engines
Ruud M. Bolle, Nalini K. Ratha, Sharath Pankanti..................................

Part II Best Performing Biometric Engines

Discussions on Some Problems in Face Recognition
Xiaoqing Ding, CRi FANG.........cociiueiniii i i

Improving Fingerprint Recognition Performance Based on Feature Fusion and
Adaptive Registration Pattern

Jie Tian, Yuliang He, Xin Yang, Liang Li, XinJian Chen..........................
Iris Recognition Based on Non-local Comparisons

Zhenan Sun, Tieniu Tan, Yunhong Wang................cccueeieiiiiiiiineainnn.

Palmprint Authentication Technologies, Systems and Applications
David Zhang, Guangming Lu, Adams Wai-Kin Kong, Michael Wong.........

26

27

57

67

78



XII Table of Contents

Part IIT Face Recognition

Face Localization

Novel Face Detection Method Based on Gabor Features
Jie Chen, Shiguang Shan, Peng Yang, Shengye Yan, Xilin Chen,

Optimal Shape Space and Searching in ASM Based Face Alignment
Lianghua He, Stan Z. Li, Jianzhong Zhou, Li Zhao, Cairong Zou............... 100

Gabor Wavelet-Based Eyes and Mouth Detection Algorithm
Xiangping Wang, Xingming ZRang..............ccoouuiiiiiiiiiiiiiiniininianens 110

An Entropy-Based Diversity Measure for Classifier Combining and Its
Application to Face Classifier Ensemble Thinning
Wenyao Liu, Zhaohui Wu, Gang Pan.................cceeeiiiiiiiiiiiiininannnn, 118

Estimating the Visual Direction with Two-Circle Algorithm
Haiyuan Wu, Qian Chen, Toshikazu Wada......................ccoeviiinin.. 125

Multiple Face Contour Detection Using Adaptive Flows
Fuzhen Huang, JiGnbo SU............ocoue i, 137

Pose Estimation

Pose Normalization Using Generic 3D Face Model as a Priori for
Pose-Insensitive Face Recognition
Xiujuan Chai, Shiguang Shan, Wen Gao, Xin Litt..............c.ccovvveeeeennnn.. 144

Gabor-Based Kernel Fisher Discriminant Analysis for Pose Discrimination
Jiada Chen, Jianhuang Lai, Guocan Feng................ccccouveiiiinininninnnn. 153

Robust Pose Estimation of Face Using Genetic Algorithm
Chao Zhang, Guocan Feng, Jianhuang Lai....................c.ccccviiiniin... 162

Facial Pose Estimation Based on the Mongolian Race’s Feature
Characteristic from a Monocular Image
Huaming Li, Mingquan Zhou, Guohua Geng.................cccceeiinnennn... 172



Table of Contents

Face Recognition

Boosting Statistical Local Features for Face Recognition
Guangcheng Zhang, Xiangsheng Huang, Stan Z. Li, Yangsheng Wang,
XIRONG Wi e e e

Gabor Features Based Method Using HDR (G-HDR) for Multiview
Face Recognition
Dan Yao, Xiangyang Xue, Yufei GUO.............ccccoiiiiiiiiiiiiiiiiiiiiian..

Face Recognition Under Varying Lighting Based on Derivates of Log Image
Laiyun Qing, Shiguang Shan, Wen Gao.................c.cccciviiiiiiiiiiiiinninan.

A Fast Method of Lighting Estimate Using Multi-linear Algebra
Yuequan Luo, GUANGAQ SU.......cc....ooieiiiiiiiii i

Face Recognition Using More than One Still Image: What Is More?
Shaohua Kevin ZROU. . .............ccoiiiiiiiiiiiiiiiiiii i

Video-Based Face Recognition Using a Metric of Average Euclidean
Distance
Jiangwei Li, Yunhong Wang, Tieniu Tan..................c.ccooiiiiiiiininnn.

3D-Based Methods

3D Face Recognition Based on G-H Shape Variation
Chenghua Xu, Yunhong Wang, Tieniu Tan, Long Quan.........................

3D Face Recognition Based on Geometrical Measurement
Mingquan Zhou, Xiaoning Liu, Guohua Geng.................cccccevvivieinnn.

3D Face Recognition Using Eigen-Spectrum on the Flattened Facial Surface
Lei Zheng, Gang Pan, Zhaohui Wik............ccooviiiiiiiiiiiiiiiiiiniiiieeae,

Building a 3D Morphable Face Model by Using Thin Plate Splines for Face
Reconstruction
Hui Guo, Jiayan Jiang, Liming ZRang..............cccc.ceumieiiiiiiniieanennn.

3D Surface Reconstruction Based on One Non-symmetric Face Image
Li Feng, Jianhuang Lai, Lei ZRANG.............ccccviiiiiiiiiiiiiiiiiiiiiiiiinns

X1

179

187

196

205

212

224

233

244

250

258

268



X1V Table of Contents

Subspace and Discriminant Analysis

Recent Advances in Subspace Analysis for Face Recognition
Qiong Yang, Xiaoou TANG........ccc...oceiiiiiiiiiii it i

Component-Based Cascade Linear Discriminant Analysis for Face
Recognition
Wenchao Zhang, Shiguang Shan, Wen Gao, Yizheng Chang,

Unified Locally Linear Embedding and Linear Discriminant Analysis
Algorithm (ULLELDA) for Face Recognition
Junping Zhang, Huanxing Shen, Zhi-Hua Zhou................c.cccuveeveninnn.

On Dimensionality Reduction for Client Specific Discriminant Analysis with
Application to Face Verification
Xiaojun Wu, Kittler Josef, Jingyu Yang, Messer Kieron, Shitong Wang,
JIEPING L. oo e e

The Solution Space for Fisher Discriminant Analysis and the Uniqueness
Under Constraints
Weishi Zheng, Jianhuang Lai, Pong C. Yuen..................ccccceveiiinn...

A Novel One-Parameter Regularized Linear Discriminant Analysis for
Solving Small Sample Size Problem in Face Recognition

Wensheng Chen, Pong C. Yuen, Jian Huang, Daoging Dai...................

Fast Calculation for Fisher Criteria in Small Sample Size Problem

Weishi Zheng, Jianhuang Lai, Pong C. Yuen.................ccoovvuiiinnncnnen.

Systems and Applications

Vision-Based Face Understanding Technologies and Their Applications
Shihong Lao, Masato Kawade....................ooouiiiiiiiiiiiiiiiiiiiinanannn.

International Standardization on Face Recognition Technology
Wonjun Hwang, Seok Cheol Kee...............c.cccoiiiiiiiiiiiiiiiiiiiinnia..

System Design and Assessment Methodology for Face Recognition
Algorithms
Hyeonjoon MOOM . ..........ooo.iii e

296

305

313

320

330

339

349

358



Table of Contents

Baseline Evaluations on the CAS-PEAL-R1 Face Database
Bo Cao, Shiguang Shan, Xiaohua Zhang, Wen Gao..............................

An Efficient Compression and Reconstruction Method of Face Image for
Low Rate Net
Xing Li, Jianhuang Lai, ZhiBin ZRANG..............ccuviiiiiiiiiiiiiiininiinnan,

How Can We Reconstruct Facial Image from Partially Occluded or
Low-Resolution One?
Seong-Whan Lee, Jeong-Seon Park, Bon-Woo Hwang...........................

A Matrix-Oriented Method for Appearance-Based Data Compression — An
Idea from Group Representation Theory
Deli Zhao, Chongqing Liu, Yuehui Zhang..................c.cccoooiiiiiiiiiiian

Part IV Fingerprint Recognition

Fingerprint Preprocessing and Minutiae Extraction

An Adaptive Fingerprint Post-processing Algorithm Based on Mathematical
Morphology
Fei S, ANNE CAl. ... e

Fingerprint Image Segmentation by Energy of Gaussian-Hermite Moments
Lin Wang, Mo Dai, GUORUA GENG............c.oveueiiiiiiiiiiiieiiiiiiaiaanannn

Robust Ridge Following in Fingerprints
Jianjiang Feng, Fei Su, Anni Cai...........ccccoiiiiiiiiiiiiiiiiiiiiniiiann..

A New Approach for Fingerprint Minutiae Extraction
Qingshi Tang, Duogian Miao, Wenjie FU.............c..cccciiiiiiiiiiiininn..

A Top-Down Fingerprint Image Enhancement Method Based on Fourier
Analysis
Guocai Zht, CRAO ZRANG......... ..ot

Fingerprint Templates Combination
Wei-Yun Yau, Kar-Ann Toh, Tai-Pang Chen...............ccccoviiiiiiiininnn..

Skeletonization of Fingerprint Based-on Modulus Minima of Wavelet
Transform
Xinge You, Jianwei Yang, Yuan Yan Tang, Bin Fang, Luoging Li...............

XV



XVI Table of Contents

Fingerprint Registration and Matching

Transformation-Variants Estimation Using Similarity Relative Histogram
Grouping Model
Yuliang He, Jie TiAM...........ooooiineii it

A Study of Minutiae Matching Algorithm Based on Orientation Validation
Zhongchao Shi, Jin Qi, Xuying Zhao, Yangsheng Wang.........................

Cascading a Couple of Registration Methods for a High Accurate
Fingerprint Verification System

Jin Qi, Zhongchao Shi, Xuying Zhao, Yangsheng Wang.........................
A Hierarchical Fingerprint Matching Method Based on Rotation Invariant
Features

Dequn Zhao, Fei Su, ANRE CQi.....oouiineiiiiiiii ittt

Phase-Correlation Based Registration of Swipe Fingerprints
Yongliang Zhang, Jie Yang, Hongtao Wu, Yunfeng Xue........................

Fingerprint Classification

An Improved Method for Singularity Detection of Fingerprint Images
Hongwei Zhang, Yilong Yin, Guozhen Ren..................c.ccooiiiiiiiiiiiii..

Fingerprint Classifier Using Embedded Hidden Markov Models
Zongying Ou, Hao Guo, Honglei Wei...........ccccc.cociiiiiiiiiiiiiiiiiiinn...

A Robust Pseudoridges Extraction Algorithm for Fingerprints
Taizhe Tan, Yongquan Yu, Fangli Cui..............c..cccociiiiiiiiiiiiiinnn...

Part V Iris Recognition

Iris Image Capture System Design for Personal Identification
Yuqing He, Yangsheng Wang, Tieniu Tan..................c..coociiiiiiinnan

An Iris Segmentation Procedure for Iris Recognition
Xiaoyan Yuan, Pengfei Shi...........c.cocoiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Zernike Moment Invariants Based Iris Recognition
Chenhong Lu, Zhaoyang Lu...................cccoiiiiiiiiiiiiiiiiiiiii i,

Two-Dimensional Projection and Crossing for Iris Optimal Localization
Xueyi Ye, Peng Yao, Liang Wu, Zhenquan Zhuang...............................



Table of Contents

Part VI Speaker Recognition

Improvement of Speaker Identification by Combining Prosodic Features
with Acoustic Features
Rong Zheng, Shuwu Zhang, Bo Xu ...........c.cooiiiiiiiiiiiiiiiiiiiiiini i,

Bimodal Speaker Identification Using Dynamic Bayesian Network
Dongdong Li, LiFeng Sang, Yingchun Yang, Zhaohui Wu......................

A Novel Pitch Period Detection Algorithm Based on Hilbert-Huang
Transform
Zhihua Yang, Daren Huang, Lihua Yang................ccooviiiiiiiiiiiinininnn.

Noisy Speech Pitch Detection Based on Mathematical Morphology and
Weighted MACF
Xia Wang, Hongmei Tang, Xiaoqun ZRAO................cccceuiiiiiiiniiinnnn..

Glottal Information Based Spectral Recuperation in Multi-channel Speaker
Recognition

Pu Yang, Yingchun Yang, Zhaohui Wu...............ccoooiiiiiiiiiiiiiniininin...
Speaker Modeling Technique Based on Regression Class for Speaker

Identification with Sparse Training
Zhonghua Fu, Rongchun ZRao................cccouiiiiiiiiiiiiiiiiiiiiiieannen,

Part VII Other Biometrics

Some Issues Pertaining to Adaptive Multimodal Biometric Authentication
Kar-Ann Toh, Quoc-Long Tran, Wei-Yun Yau.................cccceveveiieennann...

Protecting Biometric Data for Personal Identification
Muhammad Khurram Khan, Jiashu Zhang, Lei Tian.............................

Digital Curvelet Transform for Palmprint Recognition
Kaifeng Dong, Guiyu Feng, Dewen Hu..................ccoooiiiiiiiiiiiiiiiin

On-line Writer Verification Using Force Features of Basic Strokes

Ming Meng, Zhongcheng Wu, Ping Fang, yunJian Ge, Yong Yu.................

A Novel Force Sensitive Tablet for Handwriting Information Acquisition
Zhongcheng Wu, Ping Fang, Ming Meng, Fei Shen...................c.c......

Shape and Structural Feature Based Ear Recognition
Zhichun Mu, Li Yuan, Zhengguang Xu, Dechun Xi, Shuai Qi...................

XvIl

569

577

586

594

602

610

617

629

639

646

654



XVIII  Table of Contents

LLE Based Gait Analysis and Recognition
Honggui Li, Xingguo Li..........ccooiiiiiii i

Personal Identification Using Knuckleprint
Qiang Li, Zhengding Qiu, Dongmei Sun, Jie Wu..............ccooviiiiinin.n.

AAM Based Matching of Hand Appearance for User Verification
Xiaolong Teng, Ying Liu, Chongqing Litd...............ccoouviiiiiiiiiniiiinnnnnn

Author Index





