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PREFACE

The human face plays an important role in our social life, from which we can
extract many forms of information, such as identity, gender, race, age, emo-
tions, health, personality, attractiveness, etc. Faces with multi-characteristics
have long been a source of interest to psychologists and other scientists in a
wide range of disciplines. In recent years, as the performance of computers
and digital cameras have been significantly improved, computer-based facial
image analysis has attracted extensive attention.

What features can we extract from a face and given these features what
applications can we develop? These questions will be answered in this book.
In fact, we can extract multi-characteristics from a face, which forms two
types of features, e.g., permanent (or physiological) features and changed
features. Furthermore, the permanent features can also be separated into
two classes: special (or unique) features for individuals and common features
for some particular crowds, while changed features can be obtained by means
of some disease and by impulses. As a result of these features, there will be
four different applications, including facial identification using permanent
special features, beauty analysis with permanent common features, facial
diagnosis by disease changed features, and expression recognition through
impulse changed features.

This book is based on our research, which describes the four types of
typical features extracted from a face. Each type of feature and its corre-
sponding application are given in detail, where every application begins with
an overview to introduce its current development. Afterwards, some related
features extracted from a face, including facial unique features for individual
identity, statistical common features for beauty analysis, changed color fea-
tures for facial diagnosis and changed geometry features for expression recog-
nition are provided. Experimental results under different applications have
shown the superiority of these facial multi-characteristics. The contents of
this book will benefit researchers, professionals, graduate and post-graduate
students working in the related facial research field, pattern recognition, bio-
metrics, etc. This book will also be very useful for interdisciplinary research.

Our team has been working on facial multi-characteristics and its ap-



vi PREFACE

plications more than 10 years. We appreciate the related grant supports
from the Science and Technology Development Fund (FDCT) of Macao SAR
(124/2014/A3), the National Natural Science Foundation of China (NSFC)
(61602540), the National Key Research and Development Program of China
(61332011 and 2017YFB0802300), and the Hong Kong Polytechnic Univer-
sity. The authors would like to thank Dr. Zhaotian Zhang, Dr. Xiaoyun Xiong,
and Dr. Ke Liu from NSFC for their consistent support to our research work.

Our thanks also go to the following students for their assistance in prepar-
ing the book manuscript (in alphabetic order): Ziqing Feng, Qi He, Jun Hu,
Qianbo Jiang, Jie Liang, Han Liu, Yuting Liu, Li Shao, Ting Shu, Aodi
Wang, Jiangi Yan, Wei Yan, and Peng Zhang.

Bob Zhang
Department of Computer and Information Science
University of Macau

Qijun Zhao
College of Computer Science
Sichuan University

David Zhang

Biometrics Research Centre

The Chinese University of Hong Kong (Shenzhen)
June 2018



Contents

Chapter i | INtrodiction » « = » « « w ww o v ww @i v e % we @ ww e w0k

1.1 Why Faces with Multi-Characteristics- - - - - - - - B e e e
1.2 Facial Authentication Using Permanent Special Features - - - -
1.3 Facial Beauty Analysis Using Permanent Common

Features « « « ¢ « ¢ e o v v v ettt ottt s oo oocdacaceceseoss
1.4 Facial Diagnosis by Disease Changed Features- - - -« -« ... ..
1.5 Expression Recognition by Stimulus Changed Features - - - - -
1.6 Outline of This BOOK « « + + + « e v v v v e iiee e
RICFEIONCES =+ « = s /s 5 o+ v i s s s mwmms s s suloss 8 5o 6dssmsenns

PART 1 FACIAL AUTHENTICATION

Chapter 2 Facial Authentication Overview - - - - - ... .. .....

G 1 TOETOAUCEIGIL .5 5 5 5 505 £ 551 o smtone i we ot s 35385 o 81 oMo 9 51 0 55
2.1.1 History of Automated Facial Recognition Research - - -
2.1.2 Classification of Facial Recognition Scenarios - - - - - - -
2.1.3 Challenges in Automated Facial Recognition- - - - - - - -

2.2 Permanent Unique Features for Facial Recognition - - - - .- - -
221 Geometric FEatures « « - « « « « v o v e v v eemeenneennn
222 Appearance Features - « - <=« - s> oswcviseomansans

2.3 Facial Recognition: Systems and Applications - « <+« -« -+« -
2.3.1 Major Modules in Automated Facial Recognition

BREEHIE ~ <o oo=snssvew anss 9hs S0 L Bres @48
232 Application Modes: « «» ==r+=2rsausssssssaassas

2.4 Chapters OVerview « s «sccsssssessavasscsonsasacss

25 SUIFMEIY <« 55+ 25 8852855 wommessosmenssnssness oy

RIGEOTEIICES o « = i v, ot o1 w10 = iwria it 1 sniat e o w1, S 5 0 B 8 6



viii

Contents

Chapter 3 Evolutionary Discriminant Feature Based Facial

Recognition ................................

31 Introduction ....................................

3.2 Evolutionary Discriminant Feature Extraction- - - - - .- ... ..

3.3

3.4 Summary
References

3.2.1 Data Preprocessing: Centralization and Whitening - - -

3.2.2 Calculating the Constrained Search Space- - - - - - - -

3.2.3 Searching: An Evolutionary Approach - - - -« .- .. ...
324 Broging BDFE «5 55 s casmansnssmonsonnnbnssas
Facial Recognition Experiments - - - -« -+« oo oo v oo

3.3.1
3.3.2
3.3.3

3.34
3.3.5

Databases and Parameter Settings « -+ -« -« -+« ..
Investigation on Different Subspaces- - - - - -« -+« ...
Investigation on Dimensionality of Feature

BUbEAGE = = % % 5 ¢ RRE 658 nesnn s s BbEAE e HRE
Performance COmMPAriSon - « « « « « « =+« v v v v nvevenn.
DS CUISEIGTL S o = = & St wrves s ot o SR ) o, 3.5 5 o o oo it

Chapter 4 Facial Identification by Gabor Feature Based

Robust Representat OTLo = v v » sim o o & 33 hlie® ¢ 8 5@ s

4.1
4.2

4.3

4.4

Introduction - - -« =« o« s s e s v v eceaconmosssmanssee s
TR El At S WOTI = e s £ 8 5 il T 16 5l 2 o o e 1 16 5 2 e o o
4.2.1 Sparse Representation Based Classification (SRC)
4.2.2 Collaborative Representation Based Classification

JORIT) ~cbxnememerssmen nesnabebardnmnnnsss

423 Gabor Features ............................
Gabor-Feature Based Robust Representation and

Classiﬁcation ....................................

4.3.1
4.3.2
4.3.3
4.3.4
4.3.5

Gabor-Feature Based Robust Representation - - - - - - -
Discussion on Occlusion Dictionary - - -« -« oo o
Gabor Occlusion Dictionary (GOD) Computing - - - - -
GRR Based Classification (GRRC) - -« vvv
Time Complexity ............................

Experimental Results .............................

4.4.1

4.4.2
4.43

Gabor Features and Regularization of GOD
CoOmPUting - + « « ¢ cscvessessnncvsnssiocssnncs
Face Recognition with Little Deformation - - .- - ...
Face Recognition with Pose and Expression
AL TAEIOIIG s ¢ ¢ oot i voim o s o 45 n & & 22t @ e e e e

65
65
69
69



Contents ix

4.4.4 Recognition Against Occlusion -« -« v oot 88
4.5 Discussion of Regularization on Coding Coefficients - - - - - - - 93
4.6 SUMMALY + « -« s+ veos e ominenscneasinmsassssnn 94
RIETCIOIEES, - - » « e = o o mmisio o s # pmmim o 5% s B s 3 b S 4§ 94

Chapter 5 Three Dimension Enhanced Facial

Tdentification - « « -« « =« v v v e e m e 99
BT THEFOTUGEIOMN = « = » » o mw « v ¢« wisim s s s mommo e o s amosm v s w was 99
5.2 Joint Face Alignment and 3D Face Reconstruction- - - - - - - - - 103
591 OVEIVIEW « « + =« oo v oo et e it 103
5.2.2 Training Data Preparation: - -+« ¢ cvvenwevnnmon. 104
5.2.3 Learning Landmark Regressors: - -« - -« - oo v oov v 106
5.2.4 Estimating 3D-to-2D Mapping and Landmdrk

RV 1531051 11y R 107
5.3 Application to Face Recognition « - - -+« -« o v oo e 108
54 EXperiments « <« -cocetrvrsrtansenininnasainas 109
541 PTOtOCOLS « « « « v oo v e e e e e e 109
5.4.2 3D Face Reconstruction Accuracy: « -« -« oo 111
5.4.3 Face Alignment Accuracy- « -« = -« o v oo 112
5.4.4 Face Recognition Accuracy- « -« -« -+ o v v v 114
5.4.5 Computational Efficiency: -« -+ -+« v o v ov oo 115
5.5 SUMINATY -« + ¢ »vcccrsosesassnmnsssnaonsossnsssns 115
REFETEICES -+ « « + «  « v v e o ettt e e 116

PART T FACIAL BEAUTY ANALYSIS
Chapter 6 Facial Beauty Analysis Overview - - - - -« .. ...... 123
6.1 TOETOAUCLION « « + « =+ v v e v v et e e e e e e e 123
6.2 Permanent Common Features for Beauty Analysis- - - - - ... 129
6.2.1 Golden Ratio RUIES « + + « + v v v v vt mmemmeeeeee e 129
6.2.2 Three Court Five: - « « « o v e v v vt oo 131
6.2.3 Averageness Hypothesis: - - -+ -« oo v 131
6.2.4 Facial Symmetry and Beauty Perception: - - - - - .. .. 133
6.3 Facial Beauty Analysis: Features and Systems - -« ---- ... 135
6.3.1 Facial Feature Extraction: - -+ -+ ¢« v v vvvaon 135
6.3.2 Modeling Methods: -« + -+« oo vevronen. 136
6.3.3 Applications « -+ «c v v vr ittt i 137
6.4 Chapters OVEIVIEW « -« =« t o overmsemen sty 137
6.5 SUMIMALY =« +r s oersmmsmunssouasasonsasssons 139



Contents

References ......................................... ]_ 40

Chapter 7 Facial Beauty Analysis by Geometric Features- - - 145

74 THTOUNGEION #e© & 5 & S emE 5 & 5 Sae & 85 8 Emg 5 5 5 GEmE 3 e i 4 145
7.9 Related WOTK « « « « + « v oo vt m e et e e e e e e 148
7.2.1 Facial Geometric Representation -« -« -+« ... 148
7.2.2 Supervised Facial Beauty Model- - - - -« -« o oo v e 150
7.2.3 Facial Attractiveness Assessment « -« - -+« oo oo 151
7.3 Proposed Geometric Beauty Analysis Framework: - - - - - - - .. 152
7.3.1 Geometric Beauty Analysis « -+« -« - oo 152
7.3.2 Hessian Regularization- - -« -« -« -« oo oo 153
7.3.3 Hessian Semi-Supervised Learning with Random
PrOjEEtion- « « = == =v < x«« mum < e s 5 mmmn ko mm s 154
7.3.4 Computational Complexity - - -« -« o vt 156
7.3.5 Remarks on the Convergence - -+« - -« -+ oo o v i v v 156
7.4 Experiments on the Proposed Dataset: - - - -+ -« oo oo oo 157
7.4.1 Our Established Dataset - - - -« -+ cv oo 157
7.4.2 Low-Dimensional Distribution Visualization - - - - - - - 160
7.4.3 Experimental Results: - - - -+« v oo 161
TAA VeriBCatiOn « + » « + v« v s vt m et neetneeoeeennes 165
7.4.5 Insightful Implications« - -+« -+« v oo i 169
7.5 Experiment on M2B Dataset « -« -« «-cvvreii 170
75T M2B Datagetscm s s s wmms s s s mmmas s s wmmms 58 & s 170
7.5.2 Beauty Score Prediction: - - -+ -« - o oo 171
7.6 DISCUSSION  + « + = =« # =+ o o v et et e et e e e 172
77 SUMIEEY » == 2:1s 7emec 10 rmua153 FRUIEE FIRRA LS B g 174
Relorences, « 5 3 595 64«5 Gmmn 56 SEEH5 68 hRwais s RBEE S5 i85 174
Chapter 8 Facial Beauty Analysis by Landmark Model- - - - - 179
8.1 TNtrOdUCHION « « « « « « v v v e et 179
8.2 Related WOTK « « « c v v o v vt ettt et e et e e e 183
8.3 Key Point (KP) Definition « - « = «+ o oseursruronniia. 184
8.4 Inserted Point (IP) Generation - - - -« ««« v v v v 186
8.4.1 Quantitative Measure of the Precision of LMs - - - - - - - 186
8.4.2 TIterative Search for Optimal Positions of IPs- - - - - . .. 187
8.5 The Optimized Landmark Model - - - -+ - -+ oo v vt 189
8.5.1 Training Data Preparation- - - - -« -« oo v 189
8.5.2 Generation and the Optimized LM -+ - - - - v oo o e 189
8.6 Comparison with Other LMs - - -« -+ oo oo oo 193



Contents xi

8.6.1 Comparison of Approximation Error- - - - -« ... ... 193
8.6.2 Comparison of Landmark Detection Error- - -« - .- - 195
B.Y ADPUHCEEIONE » « - wr o n s om mmim v ss cmmn s s mnmn s s b 197
8.7.1 Facial Beauty Analysis: « -« « -« oo v v 197
8.7.9 TFacial ADimation: « === ¢« s sww s s v vewsss s wmmes 198
BE SUMmMEry -+ cssw s s une s wmms 4 pE i85 wan s 199
REFETEICES + + + « « + + v ¢ e e et et e e e e e 199

Chapter 9 A New Hypothesis for Facial Beauty Analysis - - - 201

0.1 Introduction - « + « « ¢ ¢ s ¢ s oo s o s s s oo s v s s s oo s oo oo 201
9.2 Notations and the New Hypothesis - -+ - -« -« v cv oo 205
9.3 Empirical Proof of the WA Hypothesis « + - -+ - oo oo v v 206
93] Pace Inage Dataget -« : - s rv s v s vmons s mmon oo 207
9.3.2 Attractiveness Score Collection: -+« -« oo o e 207
9.3.3 Attractiveness Score Regression - -« -« -+ oo oo 208
9.3.4 Testing the Hypothesis -« -« -« oot 209
9.4 Corollary of the Hypothesis and Convex Hull-Based Face
Beautification s ms ¢ 5 + 6 a5 & 5 25 S5 655 5 @ms s i @ EE LS s s 213
9.4.1 Corollary of the WA Hypothesis- - - -« -« -vovv o 213
9.4.2 Convex Hull-Based Face Beautification - « - « -+« -+« . 213
049 Bestlbgsme oo mmm s s s s omm a5 58 meies L3 9 500m 5585 214
9.4.4 Comparison and Discussion « - -+« « -« oo oo 216
9.5 Compatibility with Other Hypotheses« - « -+« +«« v oo v 220
9.5.1 Compatibility with the Averageness Hypothesis- - - - - - 220
9.5.2 Compatibility with the Symmetry Hypothesis - - - - - - - 221
9.5.3 Compatibility with the Golden Ratio Hypothesis- - - - - 2921
0.8 BUMBGEPY « - « <« <« » =mme s oo sesamuansssamanas nma 299
References « « -« « v« v e e ve e B B A e 5 e 293

Chapter 10 Facial Beauty Analysis: Prediction, Retrieval

and Manipulation - « »««« o« smms o eemse s vus 2927
101 IHEroduetion. « s « » ¢« w5 s 5 8 wwm s o 6 8 smin ¢ £ 8 3 80% 58§ 5 8 WS 227
10.2 Facial Image Preprocessing and Feature Extraction - - - - - - - 231

10.2.1 Face Detection and Landmark Extraction « - - - -« - - - 231
10.2.2 Face Registration and Cropping « -+« + -« -« v oo v 232
10.2.3 Feature EXtraction: « « - « « « « v« e v v e vmeveennnn 232
10.3 Facial Beauty Modeling « « « « « « « e v v nvavaenenen.. 236
10.3.1 Problem Formulation - -+ -+« v o v oo 236

10.3.2 Regression Methodg = s> ¢« s s wor s 55 wmsm s & 6 566 236



xii Contents

10.4 Facial Beauty Prediction « -« -« -« v vvvrenenenenann..

10.5 Beauty-Oriented Face Retrieval- - « - -« -« oot

10.5.1 Retrieval for Face Recommendation - -« -+« -« .. ..

10.5.2 Retrieval for Face Beautification- - - -« - -+« oo oot

10.6 Facial Beauty Manipulation - - -+« - oo v

10.6.1 Exemplar-Based Manipulation -« - -« -+« oo on .

10.6.2 Model-Based Manipulation: - - -« -+« - oo

107 Experiments « s« s snm s ss smmussoanisinsnmnisaq

1071 Data Set « -« c v v v v
10.7.2 Evaluation of Features for Facial Beauty

PrediCtion: « « « « v v vt v vt e

10.7.3 Benefit of Soft Biometric Traits « - -« -+« oo oo oot

10.7.4 Results of Feature Fusion and Selection- - « -+« -+ - ..

10.7.5 Results of Beauty-Oriented Face Retrieval- - - - - - - . -

10.7.6  Results of Facial Beauty Manipulation -« - .- .. ..

108 SUIDHEARY- <>~ « « » = mwm = 5 4 v wmm e w3 s wnms v es wonsessms

REFETERCEE, # + ¢ s wmwm 55 5 5 SEE 8 85 6 0o 5885 Baka§s s 8ee e psbls

PART I FACIAL DIAGNOSIS

Chapter 11 Facial Diagnosis Overview: - - - -« -« ..o
11.1 IntrodUCiOn - « « » v v v v o vt e e e e
11.2 Disease Changing Features for Facial Diagnosis - - - -+ - - - - -
11.3 Computerized Facial Diagnosis - « « « -« -« o oo v v
114 Chapters Overviews s s s v s wewsss vnwnss s mpan sas cwns s
FLE BOIGIOMEY: o 5 = « « o w s oo« mmenssnmnmes s mmmm s -
RELEIEICES « -+« « « ¢ o o v e e e e e e e e

Chapter 12 Non-Invasive Diabetes Mellitus Detection

Using Facial Colors <« <« « mowec s s oommcsssama s

12.1 INtrodUCHION -« « « « « =« o v v e
12.2 Facial Images and Dataset - - - - -« -« v v et
12.2.1 Facial Image Acquisition Device - - + - -+« - oo v v v
12.2.2 Facial Block Definition - - « - -« oo vv oo
12.2.3 Facial Image Dataset « - -+« «« e« v vvveenennon ..

12.3 Facial Block Color Feature Extraction: - - - - -+« o oo
12.4 Healthy Versus DM Classification with the SRC - -« --. ...
12.5 Experimental Results - « -+« «« v v nenenvneaenene..s
12.6 DDISCUSSIOIL « - + « « =+ ¢ =+« e m et e et e e e et



Contents xiii

12.7 Summary ...................................... 276
ReTEIeNGes: = = # » « mmmd = 8 = Soimsion o 2 2 @mimom o a2 mmwn x s 2 w58 g 276

Chapter 13 Health Status Analysis by Facial Texture

Features: « « ¢ ¢ cnmisne Ssmsiesaimesssamngssss 277
131 Trtroduction =« & s+« smm ¢ &+ 6 55 55 5% 858 5+ 55 wwsa s ns 277
13.2 Facial Image Acquisition Device « - -+« -« oo el 278
13.3 Facial Image Pre-Processing and the Dataset- - - - - -« - .. 279
13.4 Facial Image Texture Features Extraction - - - - -+« .. .. 281
135 Classification <« « ¢ 5~ 5@« s 5 sasm s 655 wam s s s maioinss 283
186 Experiments s+ 55 es55 8535 pas 5 4% e asw 6584 waw s 284
18,7 BUmIAry: » = ¢ 5552655858 ansasssonsasn R, 288
REfErEICES - « « « v v v v e e e e e e 289

Chapter 14 Computerized Facial Diagnosis Using Both

Color and Texture Features - - - -« -« ... .. 291

14.1 TntrodUCHION -« « « ¢ v v v v e e e e 291
142 Facial Image DAEAset -« « » « « o ns e cs v mmmoons vmmessoan 203
14.2.1 Facial Image Acquisition Device « + + « -+« - v oo v vt 293
14.2.2 Facial Image Dataset - - - - -« - - v oo o v e 294
14.2.3 Facial Block Definition - - « -« -+« v v oo 295

14.3 Facial Feature Extraction - « -« -+« - v v v v oo 295
14.3.1 Color Feature Using Space Distribution: - - - - - - - - 295
14.3.2 Texture Feature Extracted by Gabor Filter - - - - - - - - 299

14.4 Healthy Classification Using Facial Gloss: -« -+ -+« -« o« v o s 300
14.5 Facial Block-Based Disease Analysis « - -+« -+« oo oo v v vt 303
14.5.1 Diagnosis Using Single Block « -« -« -« oo v 303
14.5.2 Optimal Blocks Combination -« -« -+« + - oo v oo 304

1A  BHIIEIIEIR. e = = 2 mimm o & o » momiwon o % 8 o msn € % % o kA e 305
REFETONCES -+ « « + « v v e e e e et e e e 306

PART IV FACIAL EXPRESSION RECOGNITION

Chapter 15 Expression Recognition Overview: -« - -+ .. ... .. 309
151 Introduchion - » «#s 6 ¢ 5 6 6556 6§ 5 e 58 a5 s noaas s b 309
15.1.1 Description of Facial Expressions « -« -+« -+« 310

15.1.2 Modalities in Facial Expression Recognition - - - - - - - 311

15.1.3 History of Facial Expression Recognition Research- - - 311
15.1.4 Challenges in Facial Expression Recognition - - - - - - - 314
15.2 Stimulus Changed Features for Expression Recognition - - - - 316



xiv Contents

15.2.1 Geometric vs. Appearance Features - -« -« ... ... ..
15.2.2 Global vs. Local Features« -« - -« -+« oot
15.2.3 Static vs. Dynamic Features - - -« ««« -« oot
15.2.4 Hand-crafted vs. Learned Features - - - - -« ... ... ..

15.3 Facial Expression Recognition: Systems and Applications- - -
15.3.1 Workflow in Facial Expression Recognition Systems - -
1582 Appleatime - « « >« wvmess s memuss smunmenssmnwn

154 Clispters Overyilems =« « s s sev s st s mams a8 opasssss mnme

1B Summmamys= s« s s 5588 5% aaisa b5 hasisisbaonnsst mnme

REfErEINCES - « « « « « o o v e et e e e e e

Chapter 16 Expression Recognition by Supervised LLE - - - -

16.1 IntrOdUCHION - « « « » =+ v+ o oo v e et e e
16.2 Independent Component Analysis: « -+« « oo oo
16.3 Supervised Locally Linear Embedding - - - -+ -« -+ oo oo 1
164 PXPECIHGHIE : :enma<trrmsasironmnsss sunms s gome

16.4.1 Testing Methodology « « « « <« = v« e v v vevnennennon

16.4.2 Experimental Results - - - -« -« o oo oo
165 SUBAEY = » % +o0 s €t mu®s a0 PR IY $HETS LT 000
Reforences & sms i £ & 56 £ 5 5 8808 £ 5 3 6800 5 5« &850 5§ 5§ 6 aE s

Chapter 17 Expression Recognition on Multiple

Maniifolts » c s« swnmcss nmna irbmsms s« 25 BaE o3

17.1 TtrOdUCEION - « -+ <« « = o v o e e e e e e e
17.2  Multi-Manifold Based Facial Expression Recognition - - - - - -
17.2.1 Learning Expression Manifolds - + -+ - -« -+ oo oo v v
17.2.2 Multi-Manifold Based Classification -+« -« -+« ...
17.2.3 Dimensionality Selection - - -« -«
1724 The Proceduires <~ s« ¢ « s s msm o o8 s esssmmwnss

17.3 Experiments and Discussion « - « -« -« oo
17.3.1 Data SEts - -« « c v v o v et
17.3.2 Feature Extraction: « « « » « « v« v v oo e nmesunennnn,
17.3.3 Experimental Results: -« - -« oo oo
17.3.4 DISCUSSION  + « « + + + + = v e o vttt e et et e e

T SUTDEAGET: 1+ 7= %5 12 ¥509 $ 42 5 8% § €42 PUDT 4 8 HMAW 7 K 3
Beforencas =« « £ ¢ s @mm s 5 5 5 5E@ 5 & 5 5 68 8 5§ douBad 86 RERE S § -

Chapter 18 Cross Domain Facial Expression Recognition - - -
18] <~ INETOANMCEIOIL. = = v » = » wimiweise v s % % i wite 5 o o o forve o o 0 6 Wi ¥ s

319

350
352
355



Contents b'e%s

18.2 A Transfer Learning Based Approach - - - -« .« .ot 364
18.2.1 Problem Formulation - - -« -+« + oo 364
18.2.2 Overview of the Approach -+ - -« -+ o 365
18.2.3 Training with Transfer Learning - -« -« -+« « + o« oo ot 366
18.2.4 Evaluation Experiments - - -+ -+« -« oo 368

18.3 A Discriminative Feature Adaptation Approach- - - - - .- ... 371
18.3.1 Problem Formulation- - - -« -« oo 372
18.3.2 Domain Matching « -« - -« vowe v cn wuusisennnssy 373
18.3.3 Discriminative Analysis « « <+« « v oo 373
18.3.4 Optimization for DFA - -« -« .« oo 375
18.3.5 Evaluation Experiments - « -+« -« -« oo v 376
18.3.6 Results and Discussion: « « «+ -+« ... i n s e s 377

184 SUMIAIYS ¢ ¢ 5 voss s mmims s o n momin o oo mamis s s o ws s 379

RELErENCES « -+ « + « ¢« o et e e e e e 380

Chapter 19 Book Review and Future Work - - - - ... ....... 383

19.1 Book Recapitalation: » « « » c« s v vvwn v e mmomosssmun sy 383

19.2 Challenges and Future Work: « « - - - -« oo e 389



Chapter 1 Introduction

Faces with multi-characteristics have long been a source of interest to psy-
chologists and other scientists in a wide range of disciplines. Many different
types of important information are visible in faces. In this Chapter, two main
features (e.g., permanent features and changed features) are defined, where
permanent features can be separated into special (or unique) features for
individuals and common features for some particular crowds. On the other
hand, changed features are obtained by some disease or by some stimulus.
In addition, each type of feature can be found from its corresponding appli-
cation, including facial identification in permanent special features, beauty
analysis in permanent common features, facial diagnosis by disease changed
features, and expression recognition by stimulus changed features.

1.1 Why Faces with Multi-Characteristics

Human faces play an important role in our social life, from which we can ex-
tract many kinds of information, such as identity, gender, race, age, emotion,
health, personality, and attractiveness. In recent years, thanks to the signif-
icantly improved performance of computers and digital cameras, computer-
based facial image analysis has attracted extensive attention. The most inves-
tigated research topic is face recognition, which has been successfully applied
in entrance control, homeland security, and computer security (Li and Jain,
2011; Kawulok et al., 2016). In addition, some other applications, like fa-
cial expression recognition (Simon, 2008; Faigin, 2008; Bhatia, 2012), facial
beauty analysis and facial diagnosis (Kiviluoma, 2013; Zhang et al., 2016;
Meneghini, 2005), have also attracted the attention of researchers from many
different fields.

A human face is a complex object with varying features. What features
can we extract from the face and what applications can these features pro-
vide? This chapter will answer these questions. In fact, we can find multi-
characteristics from a face, which may be classified into two main types of
features, e.g., permanent (or physiological) features and changed features
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obtained by some outside influences during one’s lifetime. For example, a
birthmark on the face can be taken as a permanent feature, while erythema
morbilliforme on the face can be categorized as a changed feature (see Fig.
1.1

erythema

morbilliforme birthmark

Fig.1.1 (See Color) A typical example where a birthmark is a permanent feature
and erythema morbilliforme is a changed feature.

Furthermore, the permanent features can also be separated as two types:
special (or unique, such as a birthmark) for individuals and common for
some particular crowds (like men/women group); and the changed features
can be obtained by disease (such as erythema morbilliforme) or by some
stimuli (e.g., a belly laugh if someone heard a funny joke). As a result, these
different kinds of features can be applied for different applications, including
facial identification for permanent special features, facial beauty analysis for
permanent common features, facial diagnosis by disease changed features,
and facial expression recognition by stimulus changed features. Based on
these definitions, the guideline of this book is summarized in Fig. 1.2.
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Fig.1.2 Book guideline of facial multi-characteristics and applications.

1.2 Facial Authentication Using Permanent Special Fea-
tures

As one of the most successful applications of facial multi-characteristics, facial
authentication has received significant attention. There are at least two rea-
sons for this trend: the first is the wide range of commercial and law enforce-



