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ntil the invention of writing

about 5,000 years ago, peo-

ple primarily communicated

using speech and nonverbal

gestures. Since then, techno-
logical advances such as the telegraph,
the telephone, radio, television, and
the Internet have made it possible to
communicate increasingly complex
ideas faster and across greater dis-
tances. Recent developments in com-
puting and mobile networking tech-
nology have spawned numerous
communication devices, each with its
own features and properties, that pro-
vide unprecedented flexibility.

Nevertheless, personal interaction
remains the most effective means of
communication. When face-to-face,
people use many subtle cues—changes
in posture, facial expressions, hand
and arm motions, vocal inflections—
to enrich their conversation. Also,
because they occupy the same physical
space, persons engaging in a conversa-
tion share an intuitive awareness of
relevant circumstances, objects, or con-
ditions in the surrounding environ-
ment.

Much of this context is lost in
device-mediated communication. For
example, text-based interactions such
as e-mail and instant messaging (IM)
do not convey emotion well. Providing
appropriate contextual information
would greatly enhance such commu-
nication as well as prevent misunder-
standings. It would also help determine
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the best type of device to use at a given
time—a cell phone is useful when
you’re on the move, but using it in a
theatre or while participating in a
meeting is inappropriate.

With the advent of pervasive com-
puting, sensors are now available that
can detect a wide range of information
about the user’s

e physical context such as location
and time;

e environmental context such as
weather, lighting, and sound;

e personal context such as health,
mood, and schedule;

® social context such as group activ-
ity and whether others are pre-
sent; and

e application context such as e-mail
sent or received and Web sites vis-
ited.

Researchers have proposed a number
of architectures for helping applications
obtain such data through, for example,
synchronous query or asynchronous
callback options. We have created two

systems, Mercury and ConChat, that
demonstrate the usefulness of aug-
menting device-mediated communica-
tion with contextual information.

MERCURY

Each of the many communication
devices available today has advantages
and disadvantages depending on the
user’s preferences and situation.
Contextual information would there-
fore be helpful in determining both the
most appropriate device—cell phone,
pager, laptop—and the preferred com-
munication format—e-mail, facsimile,

Augmenting device-mediated
communication with
contextual information would
enrich user interaction.

Short Message Service—for a particu-
lar time.

Unlike prior systems that allowed
only unified one-way messaging,
Mercury supports unified two-way
communication. A person can initiate a
conversation with another party using
any available device. The system routes
the call based on which device the other
party prefers to use in a given context.
For example, a user can specify that if
he is in a meeting, the system should
route all incoming calls to an IM client.
The two parties then talk to each other,
possibly on heterogeneous devices.

Mercury uses the session initiation
protocol as the underlying mechanism
for creating, maintaining, and termi-
nating sessions. As Figure 1 shows,
each device type has a SIP-addressable
entity called a device agent that can
send and receive SIP requests. These
device agents relay conversational mes-
sages to and from other device agents
and, if necessary, translate the mes-
sages into different formats or lan-
guages. All session creation messages
pass through the Mercury engine. This



component obtains the current user
context from the context service and,
based on the user’s preferences, routes
the call to the appropriate device agent.

Mercury supports both two-way
devices such as cell phones and one-
way devices such as pagers. If a user is
not reachable via a two-way device, the
system can route an incoming call to a
one-way device through the soft ring
feature. For example, if the call recip-
ient is away from her office and not
running an IM client, Mercury can
page her. If the recipient wants to
accept the call, she can make herself
available on a two-way device by, say,
logging onto Lotus Sametime or sup-
plying an alternate phone number.
Mercury will then redirect the call to
this two-way device.

To reduce the burden on the caller,
Mercury lets one party determine
whether the other is currently reach-
able on a two-way device; if the person
receiving the call is not available, the
caller can request to be notified of a
change in status. The system also sup-
ports automatic migration of a call to
a different device based on the user’s
context, which can change during a
communication session. For example,
a person talking on a cell phone while
on the way to work might want to con-
tinue the conversation on a desktop IM
client after arriving at the office.

Upon notification of any changes in
context by the context service, the
Mercury engine checks the user’s pref-
erences to determine whether the
change warrants a switch in devices
and, if so, queries the user for confir-
mation. If the user approves the switch,
Mercury places the original call on
hold, initiates a new call to the other
device, and terminates the original call.

The system can modify other session
properties based on context. For exam-
ple, if the user receives a highly antici-
pated call from another party during a
communication session, Mercury can
automatically place the original call on
hold and patch through the more
important one. In addition, it can allo-
cate more or less bandwidth to a video
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Figure 1. Mercury architecture. The Mercury engine obtains the current user context from
the context service and, hased on the user’s preferences, routes the call to the appropri-

ate device agent.

call based on changing resource
requirements.

To protect users’ privacy, Mercury
does not reveal the actual device the
parties are using while communicat-
ing. In addition, the context service
reveals contextual information only to
authorized entities such as the Mercury
engine.

CONCHAT

When people use devices to com-
municate, they are usually unaware of
the other party’s context. Building on
previous research such as the work on
affective computing at MIT’s Media
Laboratory (http://affect.media.mit.
edu/), we have developed ConChat, a
context-aware chat application.

In addition to exchanging text mes-
sages, ConChat lets two users com-
municate a broad range of contextual
information such as

e their location;
e the number and identities of other
people in either room;

e their rooms’ ambient temperature,
lighting, and sound;

e other applications and devices
running in either room;

e their mood—for example, happy,
sad, or excited;

e their personal status—for exam-
ple, on the phone or out to lunch;
and

e any activity in the room—for
example, a meeting, lecture, or
presentation.

Users can query for their chat part-
ner’s context through a side channel as
well as subscribe for notifications when
the other party’s context changes. To
protect their privacy, users can modify
an access control table that determines
whether or not a particular user can
view a specific context.

ConChat uses a contextual model
based on first-order predicates: It can
infer abstract contexts from sensed
data and uses Prolog-like mechanisms
to evaluate queries and perform rea-
soning. For example, it uses various
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cues such as the number of people,
applications that are running, and
ambient sound level in the room to
deduce activity through rules written
in first-order logic.

The system tries to ensure that both
users have the same understanding of
what one party says by automatically
tagging certain words or expressions
based on context. For example, if two
users are in different time zones, the
application can tag any reference to
time with the time zone of the party typ-
ing the message. Thus, if the sender
types “10:00,” ConChat can tag this as
“10:00 (! -8:00 (PST) !)” to let the
receiver know that the sender’s time
zone is two hours ahead. In this way,
the parties can recognize any differences
and, if necessary, take proactive mea-
sures to minimize misunderstandings
that may arise from those differences.

In context-aware communication,

particularly in developing better
user interfaces, using more varied con-
texts, and in extending these function-
alities to multiple parties. An ideal
communication mechanism would
combine elements from both Mercury
and ConChat by using context to set
up and maintain sessions as well as
facilitating the exchange of contextual
information between parties to enrich
interaction.

Because users may want to restrict
access to information about their loca-
tion, mood, or activity at a given time,
any such system must have mecha-
nisms to prevent the disclosure of con-
textual information to unauthorized
third parties. It should therefore be
translucent rather than fully auto-
mated, using contextual information

T he field is ripe for further research

as well as individual preferences to
proactively make certain decisions on
behalf of the user but without remov-
ing final user control.
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