AFR

AFR
AFR
AFR AFR
AFR 1
2
3 AFR
AFR
AFR
1.
2000 1999
AFR AFR AFR AFR
AFR
2. LTC-AAM
ASM
AAM
LTC-AAM 1
ASM 2 ASM
AAM ASM
AAM 3 AAM
LTC-AAM ASM AAM
LTC-AAM
3. Gabor AdaGaDA
Gabor
EGM Gabor Fisher GFC Gabor
EGM GFC
Gabor

Gabor Boosting



Gabor AdaGabor AdaGabor

e AdaGaDA CAS-PEAL FERET
AdaGaDA Gabor
4, AFR “ > AFR
E-Fisherface AdaGaDA
Gabor AFR
Fisherface
_ “« 7> COMA
COMA
Fisherface < 7z
E-Fisherface AdaGaDA Gabor
AFR FERET CAS-PEAL
Gabor E-Fisherface
5. AFR
XP
AFR
AFR
AFR ASM
AAM  Gabor Eigenface Fisherface AdaBoost

AdaGabor AdaGaDA COMA



Study on Some Key Issuses in Face Recognition

SHAN Shiguang (Computer Application Technology)
Supervised by Prof. GAO Wen

Automatic Face Recognition (AFR) aims at endowing computers with the ability to identify
different human beings according to his/her face image. Such a research has both significant
theoretic values and wide potential applications. As a scientific issue, AFR is a typical pattern
analysis, understanding and classification problem, closely related to many disciplines such as
Pattern Recognition, Computer Vision, Intelligent Human-Computer Interaction, Computer
Graphics, and Cognitive Psychology etc. Its research achievements would greatly contribute to the
development of these disciplines. While as one of the key technologies in Biometrics, AFR
techniques are believed having a great deal of potential applications in public security, law
enforcement, information security, and financial security.

After more than 30 years’ development, AFR has made great progress especially in the past ten
years. The state-of-the-art AFR system can perform identification successfully under
well-controlled environment. However, evaluation results and practical experience have shown
that AFR technologies are currently far from mature. A great number of challenges are to be
solved before one can implement a robust practical AFR application. The following key issues are
especially pivotal: (1) the accurate facial feature location problem, which is the prerequisite for
sequent feature exaction and classification; (2) efficient face representation and corresponding
classifier with high accuracy; (3) how to improve the robustness of AFR to inevitable
mis-alignment of the facial feature. In addition, elaborate system design is also as important for
developing robust and practical AFR systems. In this thesis, the above-mentioned key issues are
studied, aiming at robust and practical AFR systems. And the main contribution of this thesis
includes:

1. Provided a thorough survey of the AFR history and the state-of-the-art

The latest AFR survey was published in the year 2000, which in fact surveyed the
AFR researches before 1999. This thesis has provided a more recent overview of the
AFR research and development. The survey starts from the discussion of the general
computational model of AFR methods. Then, the AFR researches are partitioned to
three historical stages according to the characteristics of technical mainstreams. For
each stage, its technical characteristics are summarized and typical milestone methods
are mentioned. After that, AFR methods are further categorized according to facial
feature extraction, face representation, and classification separately. We also survey
the main public face databases and performance evaluations protocols, based on
which the state-of-the-arts of AFR are summarized. Main commercial systems are
introduced as well with their technical sources. Finally, the challenges and technical
trends in AFR fields are discussed.

2. Studied facial feature alignment problem, and proposed a Local Texture Constraint
Active Appearance Model.

Accurate facial feature alignment is the prerequisite of an AFR system. Active Shape Model
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(ASM) and Active Appearance Model (AAM) are the main methods for this problem. On the basis
of analyzing their merits and demerits, LTC-AAM is proposed by combining the ASM and AAM.
The main points of LTC-AAM include: (1) Inherit the local texture matching model in ASM and
enhanced the local texture model for facial contour landmarks by exploiting explicitly the edge
constraints; (2) As in AAM, the energy function measuring the matching degree between the
model texture and present texture are acted on active shape searching, therefore the shape
parameter adjusting in ASM is unified into the same framework of variable optimization in AAM;
(3) Linear prediction of the appearance parameter variance using the present texture as in AAM is
retained for the heuristic search in the variable optimization procedure. These points have made
LTC-AAM integrate the strengths of ASM’s local searching model, AAM’s global texture
constraints and AAM'’s heuristic parameter optimization. Therefore, our experiments have
illustrated the better performance of LTC-AAM on face alignment.

3. Investigated the Gabor wavelet face representation method, and proposed a
AdaGaDA-based AFR approach.

Efficient face representation is the key for a good AFR method. For its eminent characteristics
in spatial local feature exaction and orientation selection, Gabor-based face representation has
attracted much attention. Elastic Graph Matching (EGM) and Gabor feature Fisher Classification
(GFC) are typical approaches using Gabor features. However, EGM needs to accurately localize
tens of facial landmarks, which would slow down the recognition speed and accuracy. While the
GFC simply down-samples the high-dimensional Gabor features evenly, many discriminating
features may be lost, though this has avoided the challenging accurate feature alignment. Against
this problem, this thesis innovatively proposes an AdaBoost-based Gabor feature dimension
reduction method. Boosting techniques are exploited to select low-dimensional AdaGabor features
with much discriminating power. Those selected AdaGabor features are classified by Fisher linear
discriminant analysis to achieve final identification, which is named by AdaGaDA face
recognition approach. Experiments on FERET and CAS-PEAL face database have illustrated that
AdaGaDA has efficiently reduced the dimension of the Gabor representations, and the recognition
performance has also greatly improved compared with traditional methods.

4. Initially proposed and investigated the “Curse of mis-alignment” problem; Presented a
set of quantitative measurements evaluating AFR method’s robustness to mis-alignment;
Proposed E-Fisherface to enhance the robustness of Fisherface to mis-alignment by
perturbation learning in the model training stage; The robustness of AdaGaDA and
GFC are also analyzed theoretically and evaluated experimentally.

This paper initially studies how the facial feature alignment accuracy influences the face
recognition performance. We discover that the performance of Fisherface degrades abruptly with
the increase of mis-alignment degree. This paper defines this phenomenon as “Curse of
Mis-alignment” (COMA) problem. Based on the analysis of its cause, four categories of solutions
to COMA are discussed, that is, alignment-retuning method, mis-alignment robust feature-based
method, mis-alignment learning method, and mis-alignment invariant distance measurement
method. To quantitatively measure and compare the robustness of different AFR approaches, a set
of quantitative measurements evaluating AFR method’s robustness to mis-alignment are proposed.
Afterwards, aiming at the COMA problem of Fisherface, an E-Fisherface method is proposed to



enhance the robustness of Fisherface to mis-alignment by perturbation learning in the model
training stage. The robustness of AdaGaDA and GFC to mis-alignment is also analyzed
theoretically and evaluated experimentally. The experimental evaluations on FERET and
CAS-PEAL face database have shown that Gabor feature are more robust to mis-alignment
compared with the pure image gray-level intensity feature, and the proposed E-Fisherface can
greatly improve the robustness of the Fisherface methods.

5. Primarily studied on some common key issues in AFR system design, and implemented
three prototype AFR systems.

The overall performance of AFR systems certainly depends mainly on the kernel AFR
algorithm, however, system design strategies would further impact the overall performance of
AFR systems. This point is even more reasonable nowadays, given that most present AFR
technologies are far from mature. Favorable system design would greatly facilitate the recognition
procedure, while a bad one may degrade terriblely a best AFR technique. Therefore, some
common key issues in AFR system design are briefly discussed, such as the workplace
environment design and rebuild, imaging equipment selection and installation, selection of
registration prototype images, selection of kernel recognition algorithm, learning set construction,
model updating etc. Finally, based on the techniques proposed in this thesis, three prototype AFR
systems, facial photo matching system, simulated XP face logon system, and airport passenger
verification system, are implemented for demonstration purpose.

The research achievements of this thesis would not only contribute to the AFR computation
theory, but also facilitate the development of robust and practical AFR applications. Some of these
technologies have been successfully applied to practice.
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