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Event Mining in
Multimedia Streams
Research on identifying and analyzing events and activities in media collections
had led to new technologies and systems.
By Lexing Xie, Hari Sundaram, and Murray Campbell

ABSTRACT | Events are real-world occurrences that unfold
over space and time. Event mining from multimedia streams
improves the access and reuse of large media collections, and it
has been an active area of research with notable recent
progress. This paper contains a survey on the problems and
solutions in event mining, approached from three aspects:
event description, event-modeling components, and current
event mining systems. We present a general characterization of
multimedia events, motivated by the maxim of five BW[s and
one BH[ for reporting real-world events in journalism: when,
where, who, what, why, and how. We discuss the causes for
semantic variability in real-world descriptions, including mul-
tilevel event semantics, implicit semantics facets, and the
influence of context. We discuss five main aspects of an event
detection system. These aspects are: the variants of tasks and
event definitions that constrain system design, the media
capture setup that collectively define the available data and
necessary domain assumptions, the feature extraction step
that converts the captured data into perceptually significant
numeric or symbolic forms, statistical models that map the
feature representations to richer semantic descriptions, and
applications that use event metadata to help in different
information-seeking tasks. We review current event-mining
systems in detail, grouping them by the problem formulations
and approaches. The review includes detection of events and
actions in one or more continuous sequences, events in edited
video streams, unsupervised event discovery, events in a
collection of media objects, and a discussion on ongoing
benchmark activities. These problems span a wide range of
multimedia domains such as surveillance, meetings, broadcast
news, sports, documentary, and films, as well as personal and
online media collections. We conclude this survey with a brief
outlook on open research directions.
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I . INTRODUCTION
Events can be defined as real-world occurrences that
unfold over space and time. In other words, an event has a
duration, occurs in a specific place, and typically will
involve certain change of state. Using this definition, Ba
walk on the beach,[ Bthe hurricane of 2005,[ and Ba trip to
Santa Barbara[ would all qualify as events. Events are
useful because they help us make sense of the world
around us by helping to recollect real-world experiences
(e.g., university commencement 2006), by explaining
phenomena that we observe (e.g., the annual journey of
migrating birds), or by assisting us in predicting future
events (e.g., the outcome of a tennis match).

While no statistics are available on how much real-
world event content is being captured in multimedia, we
can infer its scale from the fact that video already accounts
for more than half of internet traffic, with YouTube alone
taking 10% [114]. The increasing degree to which real-
world events are captured in multimedia further enhances
our ability to not only archive events, but to also recollect,
reason about, and relate to other events. For instance,
analyzing the video of traffic patterns on a highway can
help plan construction and reduce congestion, and
pinpointing anomalies from closed-circuit surveillance
video may prevent small crimes or terrorist attacks. With
current technologies, however, there is little or no
metadata associated with events captured in multimedia,
making it very difficult to search through a large collection
to find instances of a particular pattern or event. There is a
clear need for automated analysis of multimedia streams to
improve the use and re-use of multimedia repository.

This paper surveys event mining, and we cover aspects
in describing, modeling, and analyzing events from multi-
media. Event description is the basis for setting up event
detection problems and defines goals of such systems. Our
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survey on event modeling decomposes the media analysis
problem and discusses the main issues and common solu-
tions for each component.

Event description tries to structure the semantics of
real-world event representations in order to clarify
assumptions and assist in event analysis. We draw upon
the principle of the five BW[s and one BH[ (5W1H) in
journalism. We present examples of these six dimensions
(who, when, where, what, why, and how) along which events
can be described. We also discuss reasons for semantic
variability, i.e., how there are multiple possible descrip-
tions of an event, and why this should happen. The
semantic variability has two aspects: event aggregates and
implicit event facets. There are two main reasons for this
variability: context and the sensory gap between real-world
happenings and what are captured in media.

Event detection is the process of mapping multimedia
streams to event descriptions. We examine the five major
components of an event-modeling system: target proper-
ties, data capture, feature representation, computational
model, and application. The target event properties, data
capture, and application components define the problem,
while the feature representation and computational model
make up the solution.

A significant portion of this survey is devoted to
reviewing a range of existing and ongoing work on event
detection, put in the perspectives of the faceted event
descriptions and the event-modeling components. We
group event detection systems based on their problem
setup and detection target. These include: detecting
known events and activities from one continuous capture,
such as in surveillance applications; unsupervised event
detection and pattern detection, such as detecting routine
but unknown behaviors in videos of meetings; or
recovering event semantics from collections of photos
and videos. We also review current benchmarks that are
related to event detection, which provides a perspective for
both practitioners and researchers about several consensus
problems in the community along with relative perfor-
mance comparisons.

In this paper, we intend to clarify and categorize three
facets of the event mining problem: target semantics, the
problems, and the solutions. The main contributions of
this paper are as follows.

1) In event description, we rely on the 5W1H frame-
work and build on prior work on event represen-
tation [144] and interactive annotation [142]. We
reorganized the earlier frameworks so that the
semantics of the aspects are aligned with common
sense and more complete (see Section II-A7). We
also discuss how the embodiment in real-world
media influences event aspects and event detec-
tion. In particular, we explain the semantic
variations that appear in each aspect and discuss
how intuitive aggregates and media production
can affect different event facets, e.g., the notion of

media time and real-world time in when, and
semantic aggregations in what, where, and when.

2) We provide a dual overview of the components and
systems for event detection. In terms of coverage,
there have been a few surveys in multimedia
analysis and indexing but none have discussed
events in depth. There are surveys on extracting
generic static semantics [151], in which event is an
important but distinct subset mentioned in the
passing, or on image/video retrieval [20], [118],
[129], [131], [155], which can be an application for
event analysis. In terms of organization, Section II
provides a component overview similar to a few
image/video retrieval surveys [78], [129], [131],
[155]; Section IV surveys existing event detection
systems grouped by common problem scope and
solution components, similar to earlier system
surveys [20], [118]. This dual structure is necessary
since event-modeling problems are very diverse,
and there are a number of problem setups and
components that the community is actively
working on.

Modeling event semantics and extracting them from
multimedia data are of interest to numerous areas outside
the multimedia analysis community. This is due to a number
of reasons: First, the understanding of event semantics in
real-world media collections draws upon a number of
research areas that are traditionally separate: knowledge
representation [93], [122], computer vision, auditory
analysis, natural language processing, machine learning,
databases, to name a few. Problems in this area provide
synergies among these areas for the understanding of
multimedia content and present new challenges such as
multimodal fusion and learning with structured input–
output. Second, with the ubiquitous presence of multimedia
data in our lives for both informational and entertainment
needs, better understanding and modeling events will
enable better user experiences and improve system design
in closely related areas such as computer–human interac-
tion, multimedia communication and transmission, multi-
media authoring, etc. Finally, the underlying data processing
and learning methodologies used here are very similar to
those seen in many other domainsVstream data mining,
network measurement and diagnosis, bio-informatics,
business processing mining, and so on.

We limit the scope of this paper in three main ways. First,
our main focus is on event analysis from existing archives and
repositories. While event analysis can certainly benefit from
systematic representation and capture of metadata [144],
solving the problem with incomplete data is more likely to be
valuable for many real-world applications and existing
content collections. Second, although we provide a frame-
work for thinking about the problems and solutions in the
event and pattern mining space, our review of specific
approaches is by no means complete, in part due to the rapid
development in the area. And finally, while our focus is on
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the general problem of event modeling across multiple
modalities, the majority of the work reviewed here relies to a
significant extent on visual information, and less on other
modalities such as sound, freeform text, or structured meta-
tags. This is in part due to the perspective of the authors and
also due to the relatively limited work already done on the
analysis across the different modalities.

The rest of the paper is organized as follows: Section II
presents event characterization along six commonsense di-
mensions and discusses their semantic variability. Section III
examines the event-modeling problems and presents five
major components of a event-modeling system. Section IV
reviews the state of the art on event detection and modeling.
Section V concludes the paper with a brief outlook.

II . EVENT DESCRIPTION
Events can be described in many legitimate forms, such as a
walk on the beach, the hurricane of 2005, a trip to Santa
Barbara. Real-world events are captured with images,
sounds, videos, and text, these media and the underlying
semantic facets such as who, where, when, and what support
the understanding of events. Diverse as they seem, there are
underlying structures in event semantic that allow a sys-
tematic organization of these descriptions. In this section,
we resort to six common-sense aspects called 5W1H to char-
acterize events in multimedia. We will also discuss factors
that account for the variability in these semantics.

A. 5W1H of Multimedia Events
We refer to journalistic practices for covering real-

world events to design a systematic way of describing
events. A key maxim in journalism is to use the six
interrogativesVwho?, when?, where?, what?, why?, and
how? to develop a comprehensive reportage of the event.
We adopt the same six facets to describe events in multi-
media streams, because they are key semantic attributes
that are sufficient and necessary to summarize an event, as
prescribed by journalism principles, and also because they
can be preserved in the process of capturing a real-world
event into multimedia sequences, as can be seen in the
example that follows.

Fig. 1 shows an example of a real-world event: 2007
NBA finals, Game 4. This event can be summarized along
the six facetsVwho: the Cleveland Cavaliers and the San
Antonio Spurs; when: June 14th, 2007; where: the Quicken
Loans Arena, Cleveland, Ohio, U.S.; what: the Cavaliers
play the Spurs in Game 4; how: the Spurs win the NBA
Finals 4-0 with a 83-82 victory in this game; why: the Spurs
exhibited teamwork and played good defense. A human
observer, not surprisingly, can recover the same summary
from either snapshot of the game: a news article or a TV
broadcast of the game.

These event facets, referred to as 5W1H for short, are
types of metadata, or structured, descriptive information
about a multimedia clip. Similar to the distinction made in

library resources, we distinguish the metadata in multi-
media into two broad categories: intrinsic and extrinsic
metadata [127]. Being intrinsic means being attached to the
multimedia clip during capture and production, and
remaining relevant to the resource it describes, no matter
what, the context. Examples of intrinsic metadata include
the widely used EXchange Image File (EXIF) [69] meta-
data, the media format, bitrate, or the viewers/players/
platform on which the multimedia clip can be viewed or
edited. Extrinsic metadata include additional information
that describes the media clip, that helps present its
meanings within a context. The 5W1H are part of the
extrinsic metadata of the media content, since they serve to
describe semantics rather than signal-level composition of
the media; their interpretations may be variable across
different context, as will be shown by the examples in
Sections II-A1–A6 and the discussions in Section II-B3.
Moreover, they are actually invariant to certain intrinsic
information of the multimedia clip given the same context,
e.g., the same scene, taken by two different cameras from
exactly the same viewpoint and camera settings can share
the same set of semantic descriptions. We are interested in
the 5W1H, as they are extrinsic value-adds to media
representation, that can both enrich the representation
and help event-based media applications and information
seeking tasks, as discussed in Section III-B.

We now go on to discuss each of the six event facets in
more detail: how they help describe an event, how their
scope, meanings, and applicability change when applied to
multimedia data, and how new values can be defined and
created at different stages of media production and
consumption. We also compare and connect the 5W1H
with the work on common event representation model
[144], from which this work draws upon.

1) WhenVTime: Time is one of the key components of
an event, yet the description of time can take many forms.
Consider the event of Bmy conference trip to ACM
Multimedia[; it is possible to specify the time attribute in a
variety of waysVBOctober 21st–25th, 2006[ (exact),
Bbefore Thanksgiving[ (relative), Bevery year[ (periodic),
Bin the fall[ (at a coarse granularity), Bin the best season of
the year[ (affective).

Importantly, there is more than one temporal coordi-
nate in events captured by media: real-world time, media
time, time of post-processing, time of uploading and
sharing on a website, time that comments are posted, etc.
The relationship between real-world time and media time
is the most important one, since this relationship can
change the semantics of the media components (e.g., shot
sequences) as explained in the following. Furthermore,
this relationship is set after the media is produced and is
invariant to how media is distributed or consumed.

The real-world time refers to the absolute, unambig-
uous time that an event takes place in the physical world,
e.g., 7:00 pm Pacific Time, October 22nd, 2006. Media
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time refers to the relative value within the media stream,
e.g., 10 minutes after the news began, third shot in the film,
the first picture in a vacation collection, etc. Note that media
time is observable from the data streams, while real-world
time can either be known, e.g., captured in media metadata
such as EXIF, or it can be hidden or imprecise, e.g., the
interview shot at 10 minutes into the news shot may have
been taken sometime during the day that is unknown to the

viewers. Reconciliation of real-world clips that refer to the
same event, or alignment of media time and real-world time,
can become a challenging problem in the absence of addi-
tional temporal metadata.

Fig. 2 illustrates possible mappings between real-world
time and media-time coordinates with four example
content domains. Fig. 2(a) represents a continuous media
capture, such as surveillance videos and meeting captures.

Fig. 2. Four possible mappings between real-world time and media time for different types of real-world media clips: (a) surveillance,
meeting capture; (b) home video, raw footage; (c) news, documentary; and (d) film, drama.

Fig. 1. Example of a real-world eventVGame 4 of 2007 NBA FinalsVsummarized into six semantic facets from journalism
coverage (middle left) and multimedia clip (middle right).
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