
Springer Theses

Recognizing Outstanding Ph.D. Research



Aims and Scope

The series “Springer Theses” brings together a selection of the very best Ph.D.
theses from around the world and across the physical sciences. Nominated and
endorsed by two recognized specialists, each published volume has been selected
for its scientific excellence and the high impact of its contents for the pertinent field
of research. For greater accessibility to non-specialists, the published versions
include an extended introduction, as well as a foreword by the student’s supervisor
explaining the special relevance of the work for the field. As a whole, the series will
provide a valuable resource both for newcomers to the research fields described,
and for other scientists seeking detailed background information on special
questions. Finally, it provides an accredited documentation of the valuable
contributions made by today’s younger generation of scientists.

Theses are accepted into the series by invited nomination only
and must fulfill all of the following criteria

• They must be written in good English.
• The topic should fall within the confines of Chemistry, Physics, Earth Sciences,

Engineering and related interdisciplinary fields such as Materials, Nanoscience,
Chemical Engineering, Complex Systems and Biophysics.

• The work reported in the thesis must represent a significant scientific advance.
• If the thesis includes previously published material, permission to reproduce this

must be gained from the respective copyright holder.
• They must have been examined and passed during the 12 months prior to

nomination.
• Each thesis should include a foreword by the supervisor outlining the signifi-

cance of its content.
• The theses should have a clearly defined structure including an introduction

accessible to scientists not expert in that particular field.

More information about this series at http://www.springer.com/series/8790



Zechao Li

Understanding-Oriented
Multimedia Content Analysis
Doctoral Thesis accepted by
University of Chinese Academy of Sciences, Beijing, China

123



Author
Dr. Zechao Li
Nanjing University of Science
and Technology

Nanjing
China

Supervisor
Prof. Hanqing Lu
National Laboratory of Pattern Recognition,
Institute of Automation

Chinese Academy of Sciences
Haidian District, Beijing
China

ISSN 2190-5053 ISSN 2190-5061 (electronic)
Springer Theses
ISBN 978-981-10-3688-0 ISBN 978-981-10-3689-7 (eBook)
DOI 10.1007/978-981-10-3689-7

Library of Congress Control Number: 2017939539

© Springer Nature Singapore Pte Ltd. 2017
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any errors or omissions that may have been made. The publisher remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04GatewayEast, Singapore 189721, Singapore



This work is dedicated to my parents, and all
my friends. Their support and encouragement
keep me forward.



Supervisor’s Foreword

Multimedia content analysis has attracted extensive attention in the multimedia and
social media research communities. Its goal is to reveal the semantic information
intelligently. Zechaos’ Ph.D. work focuses on understanding-oriented multimedia
content analysis from the low-level visual representation to the high-level semantic
understanding. As a key member of my group, he made a number of significant
contributions in his research work. He investigated advanced multimedia content
analysis approaches and proposed understanding-oriented multimedia content
analysis approaches, including data representation (feature selection and feature
extraction), tag recommendation, and multimedia news services. He directly inte-
grated the visual understanding and learning models into a unified framework. The
visual understanding guides the model learning while the learned models improve
the visual understanding. The inspiring idea of understanding-oriented multimedia
content analysis has been recognized as opening up possibilities to challenging
multimedia content and context understanding. The proposed structured subspace
learning framework has been successfully generalized to social image under-
standing, (semi-) supervised classification and clustering. His work has brought in
new thoughts and disruptive models in understanding multimedia data. I believe
that this book will benefit researchers and students conducting research on multi-
media computing and social multimedia analysis.

Beijing, China
January 2017

Prof. Hanqing Lu
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Preface

The amount of today’s multimedia contents explosively grows due to the popu-
larization and rapid growth of digital mobile devices and social media tools. To
efficiently analyze and understand the multimedia content is still a challenging task.
Over the past decade, many advanced methods have been proposed in the literature,
including a few books on this topic. However, there is no book offering a systematic
introduction to multimedia content analysis towards an understanding-oriented
approach. Therefore, this book will focus on a novel “understanding” framework
for multimedia content interpretation. This book offers a systematic introduction to
multimedia content analysis towards an understanding-oriented approach. It inte-
grates the visual understanding and learning models into a unified framework,
within which the visual understanding guides the model learning while the learned
models improve the visual understanding. More specifically, the book presents
multimedia content representations and analysis including feature selection, feature
extraction, image tagging, user-oriented tag recommendation, and understanding-
oriented multimedia applications. By providing the fundamental technologies and
the state-of-the-art methods, this book will be of interest to graduate students and
researchers working in the field computer vision and machine learning.

Chapter 1 introduces the background, challenges, and progresses of
understanding-oriented multimedia content analysis. Chapters 2 and 3 introduce
some works of understanding-oriented data representation. The personalized tag
recommendation work is detailed in Chap. 4, followed by understanding-oriented
multimedia news services in Chaps. 5 and 6. Chapter 7 concludes the book by
summarizing the major points and identifying the future works.

Nanjing, China Zechao Li
January 2017
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Notations

Throughout this book, the lowercase italic letters (i.e., i, j, n, etc.) and the uppercase
italic letters (i.e., A, B, M, etc.) denote scalars, while the bold uppercase characters
(i.e, W, X, etc.) and the bold lowercase characters (i.e, a, x, etc.) are utilized to
denote matrices and vectors, respectively. For any matrix A, ai means the i-th
column vector of A, ai means the i-th row vector of A, Aij denotes the ði; jÞ-element
of A and Tr½A� is the trace of A if A is square. AT denotes the transposed matrix
of A. The Frobenius norm of a matrix A 2 R

m�n is defined as kAk2F ¼
Pm

i¼1

Pn
j¼1 A

2
ij ¼ Tr½ATA�. The ‘2;p-norm ( p 2 ð0; 1�) of A is defined as

kAk2;p ¼
Xr

i¼1

ffiffiffiffiffiffiffiffiffiffiffiffiffi
Xt

j¼1

A2
ij

v
u
u
t

0

@

1

A

p0

@

1

A

1
p

¼
Xr

i¼1

kaikp2
 !1

p

: ð1Þ

Note that in practice, kaik2 could be close to zero. For this case, we can follow
the traditional regularization way and define Dii ¼ 1

kaik2 þ e, where e is very small

constant. When e ! 0, it is easy to verify that 1
kaik2 þ e approximates 1

kaik2.
Furthermore, let Im denote the identity matrix in R

m�m.
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