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Abstract

Continuing strides in processing, storage, sensing, and
networking technologies are enabling people to capture
their activities and experiences as greater volumes of
ever-richer media. A big emerging challenge today is the
organization, retrieval, and exploitation of such
multimedia data surrounding the activities of individuals
or enterprises. The field of multimedia electronic
chronicles deals with the unified contextual organization,
presentation, and analysis of temporal streams of
multimedia data captured by individuals, groups, or
organizations. The value of electronic chronicles is in
converting activity and experience from the past into
actionable intelligence in the present. Such multimedia
electronic chronicles, with their associated techniques for
search and navigation, analysis and reasoning, and
prediction and alerting, will have enormous impact on
various spheres of life spanning enhancement of personal
life, business productivity, entertainment, and government
operations. This paper, which serves as a companion to a
keynote talk by the first author at ICME 2005, explains
the notion of electronic chronicles and outlines the
research challenges in this area.

1. Introduction

With the advances in computing, communication,
and sensing technologies, the last few years have seen
tremendous growth in the ability to capture and store
information in ever-decreasing form factors. With the
continuing strides made in semiconductor technology, it is
clear that today’s platforms — PCs, smart phones, and
servers — will be dwarfed in a few years, just as the
current platforms have rendered insignificant those from
only a few years ago. Table 1 shows the projected
processor speed, primary storage, and secondary storage
of PC’s, PDA’s, and servers by 2010. A cell phone could
have 500 gigabytes of storage while a server could have 5
billion gigabytes of storage. A big question asked today is
whether this means that more information and
experiences are captured in greater detail or if it only
means that it will be even harder to find anything useful
and that the enormous storage will mostly be for “write
and forget”.
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So a big challenge before computer scientists
today is how to facilitate the access and increase the
utility of the voluminous capture of information and
experiences. In particular, how can we better acquire or
derive the context surrounding an information transaction
or a captured experience? And how can we retrieve the
information or experiences that are most relevant to the
current context? People have traditionally written diaries
or chronicles to capture important experiences and
associated context. With the proliferation and dominance
of electronic devices and media in various spheres of
human activity, it is now possible to obtain electronic
chronicles [10] that are created automatically or semi-
automatically. We see a big emerging opportunity in tools
for creation, navigation, and analysis of such electronic
chronicles. The promise of such electronic chronicles is
that they will be as effective, or potentially much more
powerful, than written chronicles in associating context
and providing insights.

2010 Computing Platforms

Desktop Cell phone/PDA | Server

Processor 50 GHz 15 GHz 50
GHz

Memory 50 GB 15 GB 200
GB+

Storage 3TB 500 GB 5EB

Figure 1. Anticipated processor speed, primary
memory, and secondary storage on computing
platforms in 2010.

2. Scope of Electronic Chronicle Research
Historical accounts of important events in human
society, minutes of a meeting, proceedings of a
conference, wedding videos, surveillance videos, logs of
visitors, warehouses of all sales activities of a retail store
chain, and after-action reports by soldiers are all examples
of keeping records of what happened. Such record-
keeping or logging has thus far mostly been in paper and
alphanumeric form. The goal of electronic chronicling
research is to go beyond mere diary-like partial reports of
what happened to very rich multimedia records created in
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real time that are searchable, shareable, discoverable,
visualizable, and instantly actionable.

We define an electronic chronicle as an extensive
record of events obtained using multiple sensors and
sources of information, which provides access to this data
at multiple levels of granularity and abstractions along
temporal and other contextual dimensions, using
appropriate access mechanisms in representations and
terminology familiar to application users.

Thus, while our vision of an electronic chronicle
emphasizes rich capture or logging of information and
events, it goes well beyond such logging to include sensor
processing, unification and assimilation of multiple
structured and unstructured information sources,
extraction of domain semantics at multiple levels of
abstraction, and providing experiential [12] navigation
mechanisms.
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Figure 2. Data Sources for Electronic Chronicles

Figure 2 illustrates the wvarious sources of
information that are unified in a personal electronic
chronicle. As seen here, these include traditional activities
performed by an individual on a PC or PDA such as
document edits, email, chat sessions, and calendar entries.
In addition, these could include data from other devices
such as digital still cameras or video cameras, voice
recordings from microphones, logs or recordings of phone
calls or phone messages, and estimates of location of the
individual, obtained through sources such as GPS systems
or wireless localization techniques. An individual in a
business organization may also receive business events
and business alerts that also get unified in the individual’s
chronicle.

3. Personal,

Chronicles

In fact, we see electronic chronicles playing a
significant role not only at the individual level, but across
personal, group, and organizational levels. At all these
levels, the ability to organize and retrieve information by
context becomes very important. While chronicles have

Group, and Organizational

traditionally been seen as a means of summarizing and
recalling experiences and events, and predominantly as a
memory aid, we see electronic chronicles playing as
significant a role in deriving crucial insights, providing
critical alerts, and driving significant actions.

Electronic chronicles can be considered along
two dimensions of complexity. One is people complexity,
and the other is the order or complexity of search
performed on the chronicle. This is illustrated in Figure 3.
People complexity indicates the number of people
chronicled, while the search complexity indicates the
sophistication of the query performed on the chronicle.
For simplicity, Figure 3 shows three levels of people
complexity — person, (small) group, and (large)
organization. The Figure also shows three orders of
search complexity. The first order query indicates
retrieval of facts already stored in the chronicle repository
— such as who, what, when, or where. These are typically
implemented as relational database queries. Second order
queries involve a first level analysis of the stored facts to
derive summaries, detect interactions etc. Third and
higher order queries require detection of complex patterns
involving multiple levels of interactions and analysis of
the stored data. A few simple examples of order 1, order
2 and order 3 queries are shown in Figure 3.
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Figure 3. Search complexity (columns) and people
complexity (rows) in electronic chronicles. Lower
levels of people and search complexity are more
suited for direct queries by humans while higher
levels of search or people complexity are more
suited for discovery/mining by machine, resulting in
alerts to humans.

An important observation is that lower orders in

search or people complexity imply that these queries can
be easily stated and executed by people. Higher levels of
complexity make it increasingly difficult for people to
think of or formulate the queries. These are more
amenable to mining by machine, or by cooperation




between man and machine in a visualization or
experiential environment. These are the types of queries
that a machine can perform in the background and alert
people based on the significance of the result.

As the volume of data captured in electronic
chronicles keeps growing relative to the time that people
have to navigate the data, it becomes important to
continuously mine the data and alert people when
appropriate. We see the dominant mode of usage, and
hence the dominant research activity in this field, to move
towards sophisticated analysis, search, and mining of
electronic chronicles.

Another significant challenge in electronic
chronicles is building and deriving electronic chronicles
at the group and organizational levels, i.e. increasing the
people complexity of the chronicle. Most related work in
this area (Section 5) has been limited to personal
chronicles. Blogs have emerged recently as a dominant
form of personal electronic chronicles while other forms
such as wikis have appeared as initial examples of group
chronicles. Besides becoming powerful social media,
blogs and wikis are beginning to impact enterprises as
well.
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Figure 4. Example of going from personal or
individual chronicles to organizational or enterprise
chronicles

However, blogs, wikis, web pages etc. represent
only a minute portion of the enterprise data that can
potentially be exploited for improving enterprise
productivity. Thus, another challenge is to develop
approaches for deriving richer chronicles in the enterprise
starting from individual level to enterprise level. A
significant issue here is that of privacy and security while
developing the chronicles. Any approach to electronic
chronicles should have inherently supported notions of
security and privacy. Figure 4 shows one example (from
[13]) on how enterprise chronicles and related

applications are built from chronicles of individuals in an
enterprise. Here, the chronicles provide easy-to-use
mechanisms for sharing or publishing information with
built-in access controls. Group and enterprise chronicles
are built based on this shared information, while
preserving the privacy of individual chronicles.

4. Chronicling in the Mobile Era

Among the many forces driving the emergence
of electronic chronicles, perhaps the strongest is mobile
computing and communication technology. Smart phones
are emerging as true multimedia devices that combine
communications, computing, and content [11]. These
devices are ensuring that electronic chronicling can truly
happen anytime and anywhere in a rich multimedia form.
What can be more helpful for chronicling than a device
that fits in your pocket, notes time and location, enables
capture of images or video any time, allows you to make
notes by simply speaking, facilitates instantaneous
sharing of information with others, and provides alerts
and notifications?

Cell phones are already available today that
provide PDA, GPS, camera, microphone, and Bluetooth
capabilities. With these devices, it is possible to capture
and store both time and location information
continuously, thus providing two vital contextual cues to
any activity or experience. WiFi and 3G infrastructure
available today has already set the stage for instantaneous
sharing and publishing of chronicled data. Emerging
wireless broadband technologies such as WiMax are
enabling sharing of much richer media and content.

The sensing and communication capabilities of
mobile devices, coupled with electronic chronicling
technology, have the potential to change the everyday
practices of people in both personal life and business
activities. We have seen a significant change in the way
numerous mobile professionals operate today, routinely
using cell phone-PDA’s while on the road or in meetings
for calendaring, email, access, and chatting. In the near
future, we can expect them to do much more of media
capture and speech annotations for the purpose of
chronicling. For example, few professionals make
frequent notes to themselves by talking to themselves
although the technology for doing this exists today. If it
is extremely easy to retrieve these speech annotations (by
when, where, what, who etc.) however, making such
annotations can become much more commonplace. Sales
people, for example, can make notes to themselves after a
meeting, when things are still fresh in their mind, so long
as they can retrieve these easily for reporting or recall.

The potential of mobile devices for more
effective chronicling is being rapidly recognized in
various domains. It is already commonplace in
alphanumeric form at car-rental operations, shipping
companies, inventory management at warehouses etc.



There are efforts under way to use wearable devices for
richer situation awareness and decision making in military
and law-enforcement operations (for example, [19]).

The multimedia field has been dominated and,
indeed, created by the emergence of new multimedia
input and output capabilities on the personal computer.
The field has not yet made a shift towards multimedia for
the cell phone although it is already the most ubiquitous
and versatile multimedia platform available today. We see
electronic chronicling technologies accelerating this shift
of multimedia towards mobile devices, while continuing
to enhance the information management and analytics on
back-end PCs and servers.

S. Multimedia Research Challenges for
Electronic Chronicles

Multimedia capture and analysis is clearly vital
to realizing electronic chronicles. First, by definition,
electronic  chronicles unify various sources of
information. These almost always involve multiple media
even on a single device such as a PC or PDA-cell phone.
Secondly, a variety of new sensors are becoming
mainstream and integral to human life. These include
digital cameras, microphones (especially in cell phones),
GPS devices, radio frequency identification tags etc. The
increasing usage of these devices has come to mean that
an electronic chronicle has to be a multimedia electronic
chronicle. Thirdly, the multimedia data is fast increasing
to become the dominant and major part of stored data,
reducing textual sources to a small fraction of chronicles.
Besides, the unstructured nature of multimedia data poses
one of the greatest challenges in realizing electronic
chronicles.

The research issues in multimedia electronic
chronicles span the gamut of capture, sensor analysis,
storage, compression, transmission, indexing, unification,
semantic modeling, search, retrieval, browsing, mining,
visualization, notification, and presentation. In particular,
the temporal nature of chronicles will require them to
continuously process multiple data streams to segment the
raw data at multiple levels of abstraction to include
events, activities, and episodes. Another challenge in
multimedia processing for electronic chronicles is to
derive and associate rich context with the raw data by
unified analysis of the multiple media. An important
notion that has not been sufficiently addressed today is
that of representation of activity and analytics and mining
of activities. This notion is central to electronic
chronicling technology.

We see speech, image, GPS, and text as the data
sources that will initially dominate electronic chronicles,
especially on mobile devices. It will be important to
develop sensor analytics on these sources and techniques
for detecting events based on combined analysis across

these multiple modalities. It will be important to facilitate
easy annotations by the user, particularly using speech.

Another challenge is to effectively combine
existing alphanumeric data sources such as documents,
email, chats, calendar entries etc. with sensory data such
as images, video, and audio. The effective assimilation of
these sources, combined with effective user input, holds
the promise of bridging the signal to symbol gap for
electronic chronicling applications.

Presentation tools that combine navigation,
visualization, browsing, and notification will also be a
dominant theme in the research in this area. Figure 5
shows an initial example of a chronicle navigation tool
developed in [7]. Other examples of chronicles and
navigation tools for sporting events can be found in
[12,14]. This interface allows unified browsing of all the
activities on a PC desktop or a PDA. This goes beyond a
single user to show events shared with and shared by
others.
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Figure 5. Example of a Chronicle Navigator
running on a Desktop. The main window (View
Panel) shows the selected event, a received e-mail in
this case. Notice that the title bar displays the meta
data about the selected event including the name
and the location of the user. Slider Panel on the
right shows all events for a selected timeframe. The
events include (left to right): 1) Personal Events, 2)
All Shared Events (both incoming and outgoing) 3)
Incoming Events shared by other people. Each line
represents an event and its color represents the
user’s location at that time.

5. Related Research

A number of previous and ongoing research
activities relate to the field of electronic chronicles. The
most popular research theme has been personal



information management and retrieval of personal
information. This goes back at least to the 1945 vision of
Vanevar Bush [1]. This work has inspired a number of
efforts including MyLifeBits [4], as well as the workshop
and web site on CARPE (Capture, Archival, and Retrieval
of Personal Experiences) [5,6]. The advent of wearable
devices and wearable computing [18] has had significant
influence on the recent emergence of such efforts [e.g. 17]
around personal chronicles that enable rich capture of an
individual’s life and retrieval based on context [8].

Other efforts have addressed the difficulties in
organizing the regular information (even if not
multimedia) stored on computers. A good example of this
is [2] and the several commercial products that have
recently been announced for “desktop search” such as
products from Google Inc.

Several researchers have recognized the
importance of time in the organization, visualization, and
retrieval of stored personal information. These include
efforts such as [3,15,16]. Such approaches are integral to
electronic chronicles.

The area of group and enterprise level chronicles
remains largely unexploited, especially relative to the
ongoing efforts on personal chronicles. One effort moving
in this direction is [9]. Other recently initiated efforts
include [13,7].

A rich area for research is mining of chronicle
data and generation of associated alerts and notifications.
Overall, most current research in electronic chronicles is
dominated by efforts limited to order 1 and order 2
queries at the personal level (in Figure 3) . While there is
opportunity for deriving ever richer useful data even at
this level, the remaining parts of Figure 3 represent large
open areas for research in this field. Such efforts have
thus far been centered on data warchouses and enterprise
data mining. The challenge is to bring these approaches
into end-to-end electronic chronicling solutions.

6. Conclusions

A big research opportunity in electronic chronicles is
emerging today, driven by the ever-growing capacity of
storage, sensing, and computational power. Unstructured
multimedia data is already the dominant form of data
being captured today, and is hence resulting in the
development of multimedia electronic chronicles.

Such multimedia electronic chronicles, with their
associated techniques for search and navigation, analysis
and reasoning, and prediction and alerting, will have
enormous impact on various spheres of life spanning
enhancement of personal life, business productivity,
entertainment, and government operations.
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