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Abstract

It was about the initial stage of the computer coming into the world that
scientists and engineers began to pursue creating a machine that has the vision ability
similar to human beings. Object detection is the fundamental function and process of
human vision. It provides essential preconditions for human beings to understand
scenes in the real world. As an active research area, object detection has been
attracted more and more attention. In computer vision community, object detection
has been a very challenging research topic. Moreover, the object detection
technology is significant in many real applications.

This dissertation aims to provide a generic object detection framework by
exploring novel features for object pattern representation and applying them in
automatic object detection. Some key issues and techniques of object detection are
discussed and lucubrated, such as object feature extraction methods based on local
texture analysis, efficient feature selection methods, object detection algorithms
based on local texture features, and multi-view face detection algorithm. The detailed
descriptions of the above techniques are as follows.

1. An object representation method based on local texture analysis (i.e. a kind of
improved spatial histogram features) is proposed in this dissertation. Motivated by
the observation that objects have texture distribution and shape configuration, this
dissertation proposes spatial histogram based features (termed as spatial histogram
features) to represent objects. As spatial histograms consist of marginal distributions
of an image over local patches, the information about texture and shape at different
scales of the object can be encoded simultaneously. This dissertation presents the
extraction method of spatial histogram features and gives quantitative analysis of the
discriminative ability of spatial histogram features.

2. A generic object detection approach based on spatial histogram features is
presented. This approach uses spatial histogram features as object representation,
employs histogram matching and support vector machine to construct an object
detector based on a coarse-to-fine strategy. The object detector receives image
samples of a fixed size as inputs and initially produces spatial histogram features
from the image samples. In the coarse detection stage, the cascade histogram

matching method rejects most non-object instances. In the fine detection stage, a



support vector machine is used to verify whether or not the remained samples are
object instances. The proposed method is efficient and robust to object detection, and
it can be extended to generic object detection for different object types including
rigid objects, non-rigid objects and texture rich objects.

3. A feature selection approach based on class separability and feature
correlation is presented in this dissertation. Traditional feature selection methods
have limitations, such as expensive training time of selection procedure and low
classification accuracy of the selected features. The proposed method uses Fisher
criterion to measure class separability of each feature and employs mutual
information to calculate features correlation. Optimal feature subset is constructed by
selecting uncorrelated and discriminative features through minimizing the
classification error rate. The proposed approach is applied to the spatial histogram
features based object detection tasks to learn spatial histogram features for support
vector machine. The experiment results show that the proposed feature selection
method is efficient to extract informative and class-specific features for object
detection.

4. A multi-view face detection method based on spatial histogram features
and ECOC (error correcting output codes) multi-class classification is presented.
First, we use the ECOC multi-class classification framework to extend the spatial
histogram features based object detection approach to solve the multi-view face
detection problem. Second, we present an approach for designing efficient binary
classifiers by learning informative features through minimizing the error rate of the
ensemble ECOC multi-class classifier. Finally, we conduct experiments to evaluate

the effectiveness and robustness of the proposed multi-view face detection approach.
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