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Preface

Closed Circuit TeleVision (CCTV) cameras have been increasingly deployed
pervasively in public spaces including retail centres and shopping malls. Intelligent
video analytics aims to automatically analyze content of massive amount of public
space video data and has been one of the most active areas of computer vision re-
search in the last two decades. Current focus of video analytics research has been
largely on detecting alarm events and abnormal behaviours for public safety and
security applications. However, increasingly CCTV installations have also been
exploited for gathering and analyzing business intelligence information, in order to
enhance marketing and operational efficiency. For example, in retail environments,
surveillance cameras can be utilised to collect statistical information about shop-
ping behaviour and preference for marketing (e.g., how many people entered a
shop; how many females/males or which age groups of people showed interests to
a particular product; how long did they stay in the shop; and what are the frequent
paths), and to measure operational efficiency for improving customer experience.
In an airport, there is an urgent need for real-time measuring of congestion and
queuing length in the departure security checking area and immigration control
area, for improving efficiency and customer satisfaction. Despite the enormous po-
tential for non-security oriented commercial applications, video analytics for busi-
ness intelligence gathering and analysis has just started to receive attention and
remains an under-explored area in the research community.

Compared to security oriented visual surveillance, business intelligence driven
video analysis applications have different requirements and characteristics. For
example, in security applications it is crucial to detect abnormal or suspicious be-
haviors, often in real-time. On the contrary, business intelligence applications fo-
cus on monitoring normal events (e.g., people entering a shop), and it is often
sufficient to capture and store the observation for offline analysis. Furthermore,
for security applications, emphasis is put on accurately evaluating each individual
event. In contrast, business intelligence information is normally collected based
on events measured statistically and holistically over a long period. Due to these
differences, existing algorithms developed for security related applications may
not be readily appliable to business intelligence applications. Innovative adapta-
tion of existing techniques and/or development of novel approaches are required.

This book presents the latest developments on video analytics for business in-
telligence applications. It provides both academic and commercial practitioners an
understanding of the state-of-the-art and a resource for potential applications and



VI Preface

practice. The book is intended to be accessible to a broader audience working on
computer vision and video analysis applications.

Eleven peer-reviewed book chapters are included in the book, which covers dif-
ferent related topics. We have divided the chapters into four parts, each addressing
a specific theme. The four themes presented include computational vision, demo-
graphics, behaviour analysis, and systems.

Part I: Computational Vision

Video analytics in dynamic business environments attempts to detect, track, and
recognize objects of interest from multiple videos, and more generally to interpret
their behaviors and activities. In order to accomplish these, various computer vi-
sion and pattern recognition techniques are needed for building a computational
framework for video analytics.

Detecting and tracking objects are key building blocks for a video analytics
system. Under the business intelligence notion, an object can be a face, a head, a
human, a queue of people, a crowd as well as a product on an assembly line.
Chapter 1 presents a review of object detection and tracking. The main trends and
taxonomy of popular methods for object detection, object modeling, and object
tracking are introduced to give an insight into the underlying ideas of those meth-
ods as well as to show their limitations. This review supports a deeper apprecia-
tion of many applications presented in the rest of the book.

Camera calibration could help video analytics significantly in camera networks;
however, a convenient calibration is still a challenge on its own. A calibration
framework for large networks including non-overlapping cameras is introduced in
Chapter 2, which relies on visual information coming from walking people. Since
non-overlapping scenarios make point correspondences impossible, time con-
stancy of a person’s motion introduces the missing complementary information.
The framework obtains calibrated cameras starting from single camera calibration
thereby bringing the problem to a reduced form suitable for multi-view calibra-
tion. It extends the standard bundle adjustment by a smoothness constraint to
avoid the ill-posed problem.

With video cameras installed almost ubiquitously in business environments, vast
amounts of video data are generated. How to efficiently search and retrieve video
data is one of challenges for video analytics applications. Recently Approximate
Nearest Neighbor (ANN) methods have become popular for example-based video
search, providing a trade-off between the accuracy of finding nearest-neighbors and
the computational complexity. State-of-the-art Euclidean ANN methods do not per-
form well when applied to non-Euclidean datasets. Chapter 3 presents algorithms for
performing ANN on manifolds by explicitly considering the Riemannian geometry
of the non-Euclidean manifold and by taking advantage of the kernel trick in non-
Euclidean spaces where performing Riemannian computations is expensive. The
proposed methods are able to retrieve similar objects with very low complexity.
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Part II: Demographics

Collecting demographic information about customers in a business environment is
an important part for business intelligence gathering and analysis, for instance,
how many people visited a shopping mall; how many males and females visited,;
and how long they stayed. Instead of hiring humans to manually observe the cus-
tomers, a computational system can be developed to automatically collect the
demographic information by detecting the presence and analyzing the behaviour
of people in the videos captured by cameras installed in a business environment.

Chapter 4 provides a detailed review on the computational approaches to human
age and sex classification. Various methods for feature extraction and learning are
discussed. The relation between age estimation and sex classification is also de-
scribed, which is useful when designing a large-scale system. Major challenges and
future research directions are discussed at the end, to inspire new research and inves-
tigation towards developing a working system.

Counting people from video is a challenging problem, and the difficulties lie at
unconstrained imaging conditions such as illumination variation and low (spatial
and/or temporal) resolution. Chapter 5 addresses the problem of counting mostly
static people in indoor conditions with varying poses and illumination using very
low frame rate video. Illumination issues are handled at the pixel level using pho-
tometry-based normalization, while the pose and low movement issues are ad-
dressed at feature level by exploiting the spatio-temporal coherence that is present
among small body part movements. The motion of body parts is accumulated us-
ing a spatio-temporal autoregressive (AR) model to arrive at blob representations
that are further grouped into people counts.

In public places, crowds indicate congestion, delay, instability, or abnormal
events such as a fight, riot and emergency. Crowd information provides business
intelligence, e.g., the distribution of people throughout spaces, throughput rates,
and local densities. Chapter 6 introduces a scene-invariant crowd counting ap-
proach that uses local features to estimate the crowd size and its distribution
across a scene. The use of local features allows the algorithm to calculate local oc-
cupancy statistics, scale to conditions which are unseen in the training data, and be
trained on significantly less data. The algorithm uses camera calibration to scale
features between multiple viewpoints, by taking into account the relative sizes of
objects in these scenes.

In Chapter 7, soft biometrics (colour, height and luggage) are exploited to de-
termine operational statistics relating to how people move through a space (e.g.,
dwell time). Soft biometrics, including traits such as height, weight, gender, hair,
skin and clothing colour, can be used to describe, but not uniquely identify an in-
dividual. These traits can provide identification at long range, and aid in object
tracking and detection in disjoint camera networks. An average soft biometric is
proposed in this chapter to locate people who look distinct; these people are then
detected at various locations within a disjoint camera network to gradually obtain
operational statistics.
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Part III: Behaviour Analysis

One important problem for video analytics is to screen hundreds of hours of video
for activity patterns that potentially impact the business. Chapter 8 presents algo-
rithms that analyze surveillance video to automatically recognize various functional
elements, such as walkways, roadways, parking-spots, and doorways, through their
interactions with pedestrian and vehicle detections. The recognized functional ele-
ment regions provide a means of capturing statistics related to particular businesses.
For example, the owner may be interested in the number of people that enter or exit
their business versus the number of people that walk past. Results shown on func-
tional element recognition and business related activity profile extraction demon-
strate the effectiveness of these algorithms.

Group monitoring is an important topic for video analytics. By considering re-
lational connections among people, group modeling can provide more meaningful
semantic description of the visual events. In Chapter 9, groups of people and
group activities are analyzed from a social signaling perspective. Several aspects
of groups are considered: 1) the life of a group, analyzing how the presence of a
group can be detected in crowded situations (i.e., the birth and the death of a
group), 2) how a moving group can be tracked (its evolution), and 3) which basic
activities are carried out by their components in terms of interactions between the
humans and the environment. In particular, the regions of the environment where
the attention of humans is more focused can be detected.

Part I'V: Systems

Many issues need to be addressed when designing and validating a video analytics
system for business intelligence applications, for example, video content browsing
and retrieval, user interfaces, multi-modal sensor fusion, etc. In chapter 10, the
ObjectVideo team presents an overview of the state of the art approaches that can
be used for designing video analytics systems for business intelligence. Existing
algorithms and techniques are described in detail for extraction and processing of
target and scene information, multi-sensor cross camera analysis, inferring of sim-
ple, complex and abnormal video events, video data mining and retrieval, intuitive
UlIs for efficient customer experience, and text summarization of visual data. Con-
cluded with the applications, this chapter provides a full picture of the design and
implementation of video analytics for business intelligence.

Monitoring queue statistics like average wait time, average service time and
queue length helps businesses enhance service efficiency, improve customer satis-
faction and increase revenue. Chapter 11 presents the systematic design and vali-
dation of a general solution for automated queue statistics estimation. The design
takes into account multiple variables such as queue geometry, service-counter
type, illumination dynamics, camera viewpoints, people appearances, etc. These
variables are addressed by decomposing the main task into two subtasks, queue
size estimation and service time estimation, and combining their outputs. The
validation process for a particular deployment of the proposed solution including
the evaluation metrics and the obtained results is discussed.
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