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Manifold Learning and Its Application to Face Recognition
Wang Ruiping (Computer Applications)
Advisor: Prof. Wen Gao

The rapid development of information technology and Internet makes it possible to obtain
increasingly rich multimedia resources, including a large number of images, videos, texts and
voice data. It has been becoming a difficult problem to process the explosive data in an
effective and efficient way. This has also placed a great challenge to researches in the areas of
machine learning, pattern recognition and computer vision. Take the task of face recognition
for example. Nowadays, for each person it is easy to collect multiple facial images, which are
captured in different scenes and times, covering different lighting conditions and pose
variations. With the masses of images, we can construct considerably large-scale face
databases. In this case, it raises a great challenge to effectively exploit the large databases and
design stable face recognition classifiers with high precision. From the perspective of pattern
recognition, we need to solve the following two basic problems. The first one is how to extract
informative and compact feature representation from face images. The second is how to
develop reasonable and effective classification algorithms according to the data distribution in
the database. For face image representation, the basic problem can be cast as dimensionality
reduction and feature extraction. Dimensionality reduction mainly involves recovering
compact, informative and meaningful low-dimensional structures hidden in raw
high-dimensional data for subsequent operations, such as classification and visualization. For
face images classification, with large-scale databases, the research in recent years has
encountered a new application, i.e., face recognition with image set. One of the key problems
in this application is to model the image set in a reasonable and effective way and then perform
set classification using the information from multiple samples in the set.

This thesis mainly conducts research on the above two basic problems from both
theoretical and application views. In the aspect of theoretical research, we focus on manifold
learning approach to nonlinear dimensionality reduction. The research mainly addresses the
following problems, including local linear model representation of manifold, the learning of
analytic mapping function and the characterization of intrinsic modes of variation of the
manifold. In the aspect of application research, we focus on the task of face recognition with
image set. The research mainly addresses the following problems, including the manifold
modeling of image set, the definition and computation of the distance between manifolds and
the classification-orientated multi-manifold learning. The main contributions of this thesis are
outlined as follows.

We propose a simple but effective nonlinear dimensionality reduction algorithm, named

Maximal Linear Embedding (MLE). MLE learns a parametric mapping to recover a single
1
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global low-dimensional coordinate space and yields an isometric embedding for the manifold.
Inspired by geometric intuition, we introduce a reasonable definition of locally linear patch,
Maximal Linear Patch (MLP), which seeks to maximize the local neighborhood in which
linearity holds. The input data are first decomposed into a collection of local linear models,
each depicting an MLP. These local models are then aligned into a global coordinate space,
which is achieved by applying MDS to some randomly selected landmarks. The proposed
alignment method, called Landmarks-based Global Alignment (LGA), can efficiently produce
a closed-form solution with no risk of local optima. It just involves some small-scale
eigenvalue problems, while most previous aligning techniques employ time-consuming
iterative optimization. Compared with traditional methods such as ISOMAP and LLE, our
MLE yields an explicit modeling of the intrinsic variation modes of the observation data.
Extensive experiments on both synthetic and real data indicate the effectivity and efficiency of
the proposed algorithm.

We address the problem of classifying image sets, each of which contains images
belonging to the same class and typically covering large appearance variations. By representing
each image set as a manifold, we formulate the problem as the computation of
Manifold-Manifold Distance (MMD). Observing that an image set can come in three pattern
levels, i.e., point, subspace and manifold, we systematically study the distances among the
three levels and innovatively formulate them in a general multi-level MMD framework.
Specifically, we express a manifold by a collection of local linear models, each depicted by a
subspace. MMD is then converted to integrating the distances between pair of subspaces
respectively from one of the involved manifolds. For the computation of MMD, we
theoretically and experimentally investigate various different configurations of its ingredients.
The proposed method is evaluated on the task of face recognition with image set (FRIS), where
identification is achieved by seeking the minimum MMD between two image sets. Our
experiments demonstrate that 1) as a general set similarity measure, the proposed MMD
consistently outperforms other competing methods without discriminative learning and 2) the
MMD is also promisingly comparable to the state-of-the-art discriminant methods over sets.

We propose a novel discriminative learning method, called Manifold Discriminant
Analysis (MDA), to solve the problem of image set classification. By modeling each image set
as a manifold, we formulate the problem as classification-oriented multi-manifolds learning.
Aiming at maximizing “manifold margin”, MDA seeks to learn an embedding space, where
manifolds with different class labels are better separated, and local data compactness within
each manifold is enhanced. Based on the framework of graph embedding, we design an
intrinsic graph to characterize the within-class compactness and another penal graph to reflect

the between-class separability. As a result, new testing manifold can be more reliably classified
v
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in the learned embedding space. The proposed method is evaluated on the tasks of object
recognition with image sets, including face recognition and object categorization.
Comprehensive comparisons and extensive experiments demonstrate the effectiveness of our
method.

In summary, this thesis conducts extensive research in both theory and application of
manifold learning. Under the traditional single-manifold learning framework, we propose an
effective nonlinear dimensionality reduction algorithm, which demonstrates superior
characteristics in terms of both effectivity and efficiency. We further generalize the algorithm to
the problem of multiple manifolds learning and apply to the task of face recognition with
image set. This generalization makes a useful exploration in the practical applications of

manifold learning.

Keywords: manifold learning, nonlinear dimensionality reduction, maximal linear embedding,

manifold to manifold distance, manifold discriminant analysis, face recognition with image set






