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Abstract

With the advancement of multimedia and internet technologies, the amount of
image data is growing explosively, leading to pressing needs and new challenges on
the techniques of automatic content analysis and object recognition. On one hand, due
to the well-known semantic gap between low-level features and high-level semantic
concepts, object categories are difficult to be identified from low-level features
directly. On the other hand, different low-level features vary in their discriminative
abilities for different object categories, exhibiting intra-class variance and inter-class
correlation. To approach these problems, this dissertation focuses on multiple kernel
learning for object recognition and introduces new multiple kernel combinations and
their corresponding learning methods. By investigating the contributions of different
kernels, mappings from multiple low-level features to object categories can be
established. The main contributions of this dissertation can be summarized as follows:

Firstly, a multiple kernel active learning method (MKL*"

) is proposed to alleviate
the burden of manually labeling and reduce the computation cost. Based on the
distribution of unlabeled data, MKL*""® adopts a local adaptive sampling strategy to
actively select the most informative, representative and diverse training samples for
manually labeling and MKL training. In this methodology, uncertain samples are
firstly clustered into groups and the samples are consequently selected via inter-group
and intra-group competitions. Experimental results show that by local adaptive
sampling, MKL®*"® can significantly reduce the burden of labeling and the
computation cost in MKL training, and outperforms the state-of-the-art active learning
methods in terms of recognition rate.

Secondly, a per-sample multiple kernel learning method (PS-MKL) is proposed to
take into account the intra-class variance. In PS-MKL, sample-specific multiple
kernel combination, where the kernel weight depends not only on the corresponding
kernel, but also on the samples to be compared, is introduced to investigate the
contributions of different kernels on each training sample. Extensive experiments are
carried out over three benchmarking datasets demonstrating that PS-MKL is able to
achieve encouraging performance and outperform MKL.
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Thirdly, a group-sensitive multiple kernel learning method (GS-MKL) is proposed
to accommodate the intra-class diversity and the inter-class correlation. In GS-MKL,
group is introduced between the object class and individual images as an intermediate
representation and group-sensitive multiple kernel combinations are proposed to
investigate the contributions of different kernels on each sample groups. Compared
with PS-MKL, GS-MKL provides a tractable solution to obtain a trade-off between
capturing the diversity and the invariance for each object class, leading to a simplified
model complexity and lower risk of overfitting. On three benchmarking datasets,
GS-MKL has achieved the encouraging performance comparable to the state-of-the-
art and outperformed several existing MKL methods, including PS-MKL.

Fourthly, a class-shared multiple kernel learning method (CS-MKL) is proposed for
multi-class object recognition with knowledge sharing. CS-MKL extends MKL to the
task of multi-label learning and provides a uniform solution for different scenarios
such as independent, partially shared, and fully shared multiple kernel learning among
multiple object classes. Experiments substantiate that CS-MKL with the partially
shared multiple kernel combination, which explores both the general and individual
patterns in multi-kernel space among object classes, can effectively alleviate the
negative effect of training data insufficiency and achieve a more powerful
generalization ability.

In summary, this dissertation performs a comprehensive study on multiple kernel
learning methods for object recognition. In particular, focusing on the intra-class
diversity, inter-class correlation and inter-class invariance in object recognition, four
multiple kernel learning methods are proposed for sample selection, class-independent
and class-shared multiple kernel learning respectively. A content-based image
classification system is implemented. Extensive experiments demonstrate the
effectiveness of the proposed methods. Furthermore, the achieved results of this work
lay the foundation of further research of multiple kernel learning for object
recognition.
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learning



