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Preface

As cameras become more pervasive in our daily life, vast amounts of video data
are generated. The popularity of YouTube and similar websites such as Tudou and
Youku provides strong evidence for the increasing role of video in society. One of
the main challenges confronting us in the era of information technology is to ef-
fectively rely on the huge and rapidly growing video data accumulating in large
multimedia archives. Innovative video processing and analysis techniques will
play an increasingly important role in resolving the difficult task of video search
and retrieval. A wide range of video-based applications have benefited from ad-
vances in video search and mining including multimedia information manage-
ment, human-computer interaction, security and surveillance, copyright protec-
tion, and personal entertainment, to name a few.

This book provides an overview of emerging new approaches to video search
and mining based on promising methods being developed in the computer vision
and image analysis community. Video search and mining is a rapidly evolving
discipline whose aim is to capture interesting patterns in video data. It has become
one of the core areas in the data mining research community. In comparison to
other types of data mining (e.g. text), video mining is still in its infancy. Many
challenging research problems are facing video mining researchers. For example,
how to extract knowledge from spatio-temporal data? How to infer high-level se-
mantic concepts from low-level features in videos? How to exploit unlabeled and
untagged video data? The use of classical data mining techniques for video data is
impractical due to the massive volume of high-dimensional video data. To address
these difficult challenges, it is necessary to develop search and mining techniques
and methods that are suitable for video data.

The objective of this book is to present the latest advances in video search and
mining covering both theoretical approaches and practical applications. The book
provides researchers and practitioners a comprehensive understanding of the start-
of-the-art in video search and mining techniques and a resource for potential appli-
cations and successful practice. This book can also serve as an important reference
tool and handbook for researchers and practitioners in video search and mining.



VI Preface

The target audience of this book is mainly engineers and students working on
video analysis in various disciplines, e.g. computer vision, pattern recognition, in-
formation technology, image processing, and artificial intelligence. The book is
intended to be accessible to a broader audience including researchers and practic-
ing professionals working in video applications such as video surveillance, video
retrieval, etc.

The origin of this book stems from the immense success of the First Interna-
tional Workshop on Video Mining (VM’08), held in conjunction with the IEEE
International Conference on Data Mining 2008. This workshop gathered experts
from different fields working on video search and mining.

Organization and Themes

The book comprises both theoretical advances and applications in video search
and mining. The organization of the book reflects the combination of analytical
and practical topics addressed throughout the book. We have divided the book
chapters into five parts; each addresses a specific theme in video search and min-
ing. The five themes presented include motion trajectory analysis, high-
dimensional video representation, semantic video analysis, personalized video,
and video mining.

Part 1. Motion Trajectory Analysis: Object motion trajectories describe the rich
dynamic content of video data. Motion trajectory analysis plays an important role
in video mining and has been exploited for various applications, e.g. video re-
trieval, video summarization, video surveillance, traffic monitoring, and sports
analysis.

Chapter 1 is focused on the latest research in motion trajectory analysis for
video search and mining. The main methodologies for the description of motion
trajectories, as well as the indexing techniques and similarity metrics used in the
retrieval process are introduced and examined through a comparative analysis,
application examples, and discussion on future trends. In Chapter 2, trajectory
clustering methods for learning activity models are introduced with a focus on pa-
rametric and non-parametric partition algorithms. A soft partition algorithm based
on non-parametric mean-shift clustering is proposed and validated. The use of
one- and multi-dimensional hidden Markov models (HMMs) for video classifica-
tion and recognition is also introduced.

Several aspects of motion trajectory analysis including their representation,
indexing, similarity, invariance, and application are addressed in Chapter 3. For
instance, a representation of motion trajectories that is invariant to camera view is
introduced based on null-space invariants. The representation of motion trajecto-
ries includes both isolated motion trajectories describing the dynamics of a single
object as well as multiple motion trajectories characterizing the interaction among
a group of objects in complex events. Several methods for efficient indexing based
on matrix and tensor decomposition and various similarity measures for efficient
storage, retrieval and classification of motion trajectories are reviewed.



Preface VII

Examples of the use of motion trajectory analysis in real world applications
provide a vivid illustration and help the reader gain a deeper insight into the poten-
tial of motion trajectory analysis in video search and mining.

Part II. High-Dimensional Video Representation: Because of the innate abun-
dance of information in video sequences, efficient representation of video data has
long been a subject of intense interest in video analysis. Video representations are
invariably high-dimensional, and thus a great deal of effort is required for process-
ing video data. The representation of video in high-dimensional spaces is the topic
of this part of the book.

Chapter 4 explores extraction of features that reflect three-dimensional struc-
tural information embedded in videos. Three-dimensional features venture beyond
traditional video features, e.g. two-dimensional appearance-based features or spa-
tio-temporal features. These three-dimensional features expand the kind of infor-
mation captured from videos, which is essential in tasks such as video mining and
retrieval. The main difficulty posed by this approach is the need to infer accurate
three-dimensional information. This limitation is due to the fact that typical video
footage does not convey prior knowledge about the scene configuration or camera
calibration. Several recent methods that address the challenge posed by three-
dimensional feature-based video analysis are reviewed including simultaneous
localization and mapping, structure-from-motion, and 3D reconstruction. Illustra-
tive use of tensor-based representation in practical applications including shot
boundary detection, object recognition, content-based video retrieval as well as
human activity recognition are presented, and limitations of the state-of-the-art
techniques are discussed.

Models designed to understand, organize and utilize acquired high-dimensional
video representation are considered. The goal is to extract semantically meaning-
ful information from a large collection of samples in a high-dimensional space.
Specifically, in video analysis, one of the fundamental aims is to recognize actions
or persons. Statistical inference has been very successful in performing these
tasks. Extension of statistical inference tools to manifolds in high-dimensional
spaces is discussed in Chapter 5. Manifold is critical to the representation of video
data, which is distributed over a small fraction of the high-dimensional space.
Once the distribution of video data on manifolds has been captured, efficient sta-
tistical inference and learning methods can be developed. Empirical evaluation of
various manifold-based video analysis techniques for applications such as video
understanding is presented.

Part III. Semantic Video Analysis: The topic of understanding videos by seman-
tic learning has been an important research area over the past decade. The formal-
ism of semantic activity analysis including ontological representation of domain
knowledge, statistical models and logical languages to describe activities, and the
integration of semantic schemes will be discussed in Chapter 6. The focus is on
techniques for addressing challenges in automatic activity recognition and abnor-
mality detection such as robust primitive action detection, multi-agent interaction,
higher-/lower-level action mapping, etc.
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Video genre inference, a technique that automatically clusters and tags video
data and thus facilitates user browsing, search and retrieval, provides an important
practical illustration of semantic inference in video analysis. A comprehensive in-
troduction of the necessary background for video genre inference as well as recent
developments in the use of task-specific features, reflecting the video capture and
camera configuration, is presented in Chapter 7.

Chapter 8 explores the problem of semantic visual learning from weakly la-
beled web video. A general tenet of learning theory is that an infallible supervisor
always provides useful information that yields improved results. In the context of
learning from videos, however, it is generally too expensive, and often not possi-
ble, to attain complete and accurate information by a supervisor. A technique for
robust learning from weakly tagged video data (as available from the web) is de-
scribed. The interesting feature of the technique illustrated is the mechanism used
for automatic identification and filtering of irrelevant information. Another impor-
tant component of the method described is the use of active learning to allow users
to intervene in order to further improve the performance at a controllable cost.

Part IV. Personalized Video: Personalization is an increasingly important trait in
recent multimedia applications. The theme in this part of the book will investigate
the role of personalization in video analysis. In particular, the use of video-based
face recognition for personalized video as well as a personalized recommendation
system for broadcast news will be described.

Automatic face recognition is one of the most active research areas in computer
vision. It allows automatic identification and verification of a person from a static
image or video sequences. In contrast to traditional static image-based approaches,
video-based face recognition technology utilizes the abundant video information,
leading to more accurate and robust face recognition methods, and thus provides
an invaluable tool for personalized video applications. A comprehensive survey of
video-based face recognition and retrieval techniques for personalized video ap-
plications is presented in Chapter 9.

Because of the large number of broadcast channels and TV news programs,
finding news videos of interest can be a difficult task. Chapter 10 presents an in-
teractive framework for personalized news video recommendation. The personal-
ized system allows news seekers to access programs of interest from large-scale
news video archives more effectively. In this framework, multiple media sources
(i.e. audio, video, and closed captions) are integrated to capture news topics, and
their inter-topic contextual relationships are visualized to enable news seekers to
interactively find news topics of interest.

Part V. Video Mining: The final theme of the book is focused on empirical tasks
in video mining. The scope of the discussion ranges from low-level tasks, such as
motion detection and re-occurrence identification to semantic-level tasks.

Motion is an important feature in content-based video parsing for high-level un-
derstanding. Mining motion information from video data is a critical task in video
analysis. In Chapter 11, a case study is illustrated to introduce a unique technique of
independent motion segmentation. A holistic, in-compression approach is presented,
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thus attaining high-efficiency while providing very good performance in mining mo-
tion information from video data.

Another critical facet of video data is represented by pattern re-occurrence in
video sequences. The problem of detection of (almost)-repetitive pattern occur-
rence in video footage is an important task in video mining. Examples of recurring
video sequences include commercials, channel advertisements, channel intros, and
newscast intros. Video occurrence identification requires integration of various
fundamental video analysis techniques, including feature extraction, classifier
training, and efficient search. Several technologies for recognizing predefined and
unknown recurring video sequences are discussed for mining general videos and
broadcast television in Chapters 12 and 13, respectively. A real-time recurring
video sequence recognition system is also presented in Chapter 13.

Automatic video annotation is an important tool for video indexing and search.
It has been well studied for several years. However, most existing efforts in video
annotation have been conducted on small video corpuses and the size of concept
vocabulary has been limited to tens or hundreds. The exponential increase in video
data on the Web presents a great potential as well as new challenges for video an-
notation. Chapter 14 introduces the use of video mining techniques for automatic
web-scale video annotation as well as annotating videos using large-sized natural
language keywords. State-of-the-art techniques for video analysis, feature extrac-
tion and classification are presented. The focus is on the use of suitable tech-
niques, key algorithms, and data structures, for extremely large-scale automatic
video annotation. A new web-scale automatic video annotation method is pre-
sented in which the keywords are augmented based on previous annotations, by
leveraging the large collection of video data. The effectiveness and efficiency of
the method described are validated using experiments conducted on a corpus of
over 1.2 million videos crawled from YouTube.
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