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The Research and Implementation of Facial Feature

Localization Based on statistic

Face Feature Localization is an automatic localization technology to the face
feature(such as the centers of eyes, the corner of eyes, the corners of mouth, etc)
which can be used as the alignment of the facial images, so it is a critical step in fully
automatic face recognition system. In addition, the accurate facial feture localization
is also an important step of the following visual tasks, e.g. face synthesis, face-driven
avatar, face tracking, face pose analysis and face expression analysis.

This article describes the current research status at home and abroad, especially
introduces the PDM(Point Distributed Model) based ASM(Active shape Model)
method, and takes further analysis and discussion to the model training and the model
fitting of ASM. We find that the difficulties of Face Alignment primarily are the
variation of face shape and the complexity of the background environment, and the
former can be summarized as the problem that the PCA model can’t be enough to
describe the shape variation, for example the pose and expression; the latter is mainly
the ambiguty of the low-level image, such as the noise, clutting and illumination. For
the first problem, we use the the tactic of changing the PCA model based method to
MPPCA(Mixtures of Probabilistic Principal Component Analysers) based method or
constrained regression based method as the solutions; for the second, we allow
multiple candidate positions to be generated for each facial landmark to overcome the
ambiguity of the low-level image. In addition, in order to avoid the process of
iterative search and adjustment falling into the local minimum, we adopted the
schemes of setting a more precise initial shape and estimating the eye and mouth state
in advance.

The main scientific achievements of this paper are as follows:

(1) To solve the problem of the heavily reliance of the localization result on the
initial shape, we proposed the method of using few key points, such as the centers of
eyes, nasal tip, and corners of mouth, to set more accurate initial shape. This paper
describes a method of using a few key points and principal component analysis shape
model to calculate the similarity transformation coefficients and PCA projection
parameters which can be used to set initial shape, the experiments proved the validity
of this method. Because the facial expressions are mainly embodied in the changes of



eyes and mouth, this paper introduces a kind of eye and mouth state estimation
method to solve the problem of localization on the faces with exaggerated
expressions. We use SVM(Support Vector Machine) classification and SVR(Support
Vector Regression) regression to predict the state of eyes and mouth. After getting the
state of eyes and mouth, we can get more accurate localization result through adding
more prior knowledge on the phases of shape initialization and local searching.

(2) We took reaserch and implementation of a MPPCA(Mixtures of Probabilistic
Principal Component Analysers) based method which can better deal with the
localization problem of the facial images with expressions, clutter or complex
background. The robustness comes from a shape regularization model, which
incorporates constrained nonlinear shape prior, geometric transformation, and
likelihood of multiple candidate landmarks in a three-layered generative model. The
EM inference method iteratively examines the best candidate positions and updates
face shape and pose for the purpose of accurate locating landmarks. Because the
mixtures of Gaussian can model nonlinear shape deformation, we put forward a
solution for facial feature localization of multi-pose faces based on the above method,
and then conducted a series of experiments.

(3) We proposed a facial feature localization method based on the constrained
regression. As the core of the traditional ASM method, PCA(Principal Component
Analysis) can good reveal the essence of things, but it also has many shortcomings:
the inexplicability of model, the value of load factors are non-zero; strict model
hypothesis, PCA has the optimal performance only on the data conforming on the
Gaussian hypothesis; the nature of global linear; easy to lose the detail information of
shape owe to the subspace projection transformation. Therefore, we proposed a
strategy of instead of PCA by constrained regression, and investigated the influences
to the localization performance of various constraints. The experimental results show
that the constrained regression based method have better performance than PCA based
method.

Keywords: Facial feature localization, Active Shape Model(ASM), Principal
Component Analysis(PCA), Mixtures of Probabilistic Principal Component
Analysers(MPPCA), Lasso regression, Ridge regression, KNN regression,
Support Vector Machine(SVM), Support Vector Regression (SVR)
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