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Abstract

To ill ustrate research regarding hav to augnent people's
experiences in office medings of different types, we have
devdoped EMCE (Enharced Multimodd Conferencing
Environment), a prototypic conference room. EMCE
asdsts meding paticipants in performing a host of
functions including but not limited to passng private
messges, taking eledronic notes, accessng persond
files, writing bdh public and private anndations on
projeded oljeds, automatically creating meding minutes
and remote nferencing. Our multimodal approach
allows people to interact with the cnference room
through spoken o handwritten commands and drawn
information. The room reacts in a multimedia fashion,
outputting sourd, video, tex, etc. To make EMCE’ s use as
intuitive as possble, our interface @nsists of a virtual
view of the mnference room that users can accesseither
with screens embedded in a conference table or on their
persond laptops. Our god is to create an augmented
environment that is as natural and easy to use as exsting,
nornaugmented meding environments.

1. Introduction

Proposals for augmented spaces are everywhere.
Reseachers and developers are working hard to find ways
to remove the tedious, repetitive aspeds of everyday life
by augmenting the world around us with embedded
computers. A computer could easily perform many daily
tasks thus freeng y vauable human time. On the
Internet one @an find articles about refrigerators that keep
themselves docked automaticdly, cars that “know” where
they are going and that “perform” various office tasks
while driving, televisions that can tailor programmingto a
user’'s tastes, and so on. All of these devices meant to
augment a user's experience ae subtly placel into an
environment and work “behind our bads,” making many
mundane tasks unnecessary, or at least a lot easier and
lesstime-consuming.

One @awironment that has grea potentia for
augmentation is a meding room. There ae many aspeds

of medings that we ocould al stand to have made alittle
easier. For instance, if a manager wants a summary of
what occurs in a meeting, someone has to take minutes.
This means that one person in the meding cannot
participate fully, because this person is busy preparing a
document about what transpired. Another example is the
series of adions that occur when one forgets to bring an
important document to the meeting and must either waste
valuable time to retrieve the document from an office or
else proceda in the meding without it. There ae dso
times when two people may neal to communicae
privately, such as during regotiation procealings, and
thereis presently no way to communicate subtly with only
a single person during the curse of a meding. Another
areathat could be aigmented is the task of taking notes.
Few people enjoy taking notes, and notes often end up
being very disorganized and unusable. Good archives of
notes that are accesble yeas later are espedally rare. A
convenient method d keeing personal notes, not
necessarily meeing minutes, would be very helpful.

Another essential asped of medings is the projedion
system. To switch between viewing documents on
different media (such as from an overhead projedor, to
computer dlides, to a VCR, to a whiteboard) usually
requires a good amount of fidding with hardware.
Manipulating hardware should not be necessry, thus
leading ws to an obvious areathat could be augmented.
Furthermore, in most medings only one person can write
on the whiteboard or dides. This is often cumbersome
when a participant other than the presenter wants to
illustrate aquestion or a cmment with a drawing. Unless
that person loses valuable time by getting up and going to
the whiteboard or computer, there is no way to include an
illustration along with the spoken comments. This is
another problem that could be grealy reduced by an
augmented environment.

After looking at the feaures of a meeting that could be
augmented and designing solutions for the problems we
identified, we developed a prototypic conference room we
cdl EMCE (pronounced “em-cee’), for Enhanced
Multimodal Conferencing Environment. For ead user,
this room provides personal display devices that present a



virtual view of the physica conference room, all owing for
the aigmentation of many functions. Our main goa in
creding this prototype was to develop an interfacefor the
display device that is as natural and intuitive to use &
possble; we believe that EMCE will not be taken
advantage of if users must dramaticdly change their
present method o participating in meetings. The purpose
is to augment an existing environment, not to completely
change it. We followed the virtual room metaphor to
design the interfacein hopes that it would lead to more
intuitive interadions.

In this paper, we describe our solutions to the various
problems that we have identified as arising in meding
situations. We have implemented many of our solutions
with the hope of performing extensive user studies on our
prototype.

2. Related Work

Several reseachers have studied the mncept of smart
rooms. A group at Georgia Ingtitute of Technology has
worked on a projed cdled Clasgoom 200Q which is a
ubiquitous computing ledure hall that augments a
student’s ledure experience [1]. The dass automaticdly
takes notes for students  that they can focus more on the
ledure rather than on writing it down. Another projed
looking at augmented rooms is MIT’s Intelligent Room
[2], in which reseachers have aeded a system that tradks
the adions of room inhabitants and discerns between
commands gPoken to the system and conversations
between people. This room serves as a basis for a variety
of spedalized services. One example is an environment in
which to give apresentation.

Some reseachers have used a room metaphor in
developing \virtual environments. The TeanWave projed,
in which reseachers developed an environment where
participants use various eledronic feaures to share
information and work collaboratively, illustrates the use
of this metaphor [3]. Fedures include a ©mmunal
whiteboard, the aility to send eledronic Postlt notes to
ead other, and the ability to share files.

A few groups have worked spedficdly on augmented
meding rooms. Kumo Interadive, for instance, is a smart
conference room designed at FXPAL [4]. This projed
includes provisions for eledronic note taking, automatic
meding rewrding, the aedion of meding archives,
equipment control, and a simple projedion system.
Another collaborative cnference room is the i-LAND
projed creded at the German National Research Center
for Information Technology [5]. In this system, an entire
room beames networked for shared group work. Large
displays on a table or wall and persona display devices
all mergeto form an integrated system.

Work has also been done on various components that
would belong in an augmented conference room. One

such projed is Flatland, an interadive, eledronic
whiteboard [6]. While Flatland would not crede afully
augmented spaceon its own, it should definitely play an
important role in a smart conference room.

In designing our prototype, we looked at various
pieces of related work and tried to synthesizethem.

3. Design and I mplementation of EM CE

3.1. Overview

EMCE is implemented with the Open Agent
Architedure (OAA™) [7], a distributed multiagent
framework that enables rapid integration of component
technologies. This architedure dlows for quick
integration of new feaures, and, by combining different
sources of information, we end up with a system that is
much greder than its parts.

Physicdly, an EMCE conference room has three main
differences from traditional conference rooms: it has
touchscreens embedded in the table to serve & personal
display devices, it has an eledronic whiteboard, and it has
a microphone and eaphone & eech locaion at the table.
The rest of the hardware is what one would find in a
traditional conference room: a wmputer projedor, VCR,
printer, and so on.

Each participant must log in to the meding ypon
arrival. Information about ead user is gored in a text
database and isretrieved by the system as necessry. Each
user can either sit down at an existing console or bringin
a persona laptop that conneds to the system through a
wirelessEthernet card, using the DHCP protocol.

EMCE is designed to work in two dfferent types of
meding environments. collaborative and led. In a
collaborative meding eech participant is on equal ground
with equal permissions regarding pladng objeds into the
projeded space a&d writing public comments on objeds.
In aled meding, the person who logs in as the leader has
the permission to placeitems on public view and to write
public comments for everyone to see A lealer isalso able
to temporarily pass leadership permisson to a participant
of choice

The interface is designed to work with a pen on a
touchscreen. For people using a laptop without
touchscreens, a mouse ad keyboard may be substituted
asinput devices. The main goal in designing our interface
was to make it as intuitive & possble to use within the
context of a meding. Thus, functions performed
eledronicdly in EMCE are till executed in a manner
similar to how they would be performed without EMCE.
For fedures that are new to a meeting within the context
of EMCE, we tried to retain the ideaof the virtual room
and to make the interfacework in a manner relative to the
physicd space We want people to have to adapt as
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Figure 1. EMCE interface for Person A

littte & possble when entering an EMCE conference
room, as we do not believe that people will agree to
dramaticdly change their manner of meding
participation.

3.2. Virtual View

Our idea of creding a physicd representation of the
spacewas influenced by aprojed at IBM in which objeds
can be dragged between computersin aroom acording to
their physicd relationships in space[8]. When users log
into EMCE, they see avirtual representation of the
meding table in front of them. All meding participants
are represented as icons along the eldge of the screen. As
users log in and out, the icons appea and disappea. The
icons aways appea on the desktop relative to where a
person is stting. Thus, for person A’'s display, person A’s
icon appeas at the bottom of the screen and the icon of
person B, who is physicdly sitting diredly in front of
person A, appeas at the top o person A’'s <reen. The
icons are flipped for person B: person B is at the bottom
of the screen, and person A is at the top d the screen
(Figure 1).

The icons representing the participants are useful in
several ways. The first purpose is role identification. In a
led meeting, for instance a leader is represented by a
different icon than the rest of the participants. When a
user is temporarily given leadership permisson, that
user’sicon changes aswell. A second purpose isto oltain
personal information. If a user passes the pen over an

icon, the name of the person whom the icon represents
appeas. If the user then presses down with the pen on the
icon, a box with information about that person appeas.
This box contains that person's e-mail address position,
office location, telephone number, and so on. Thus, a
meding participant always knows the identity of all the
other people logged into EMCE for a given meding.

Another way in which the virtual space ould be used
is to represent a physicd roba on the table. A small,
independent roba moving around the medting table could
appea on the virtual table space & an icon relative to
where it is adually locaed. In this manner, a user would
just have to look down at the screen to know where the
roba is physicdly located. Furthermore, a user could
easily guide the roba around the table by simply dragging
theicon around the screen.

The concept of the virtual spaceis also used regarding
some of the functionalities diredly linked to hardware.
While aperson does not need to know exadly where in a
room the various pieces of hardware ae locaed (i.e,
printer, projedor), ead of these objeds is given a virtual
location represented by an icon on the screen. A user can
interacd with the hardware by dragging and dropping bath
the icons themselves and fil es onto the icons.

To crede the virtual view, EMCE must know where
eadt participant is located in the room. Eventually, we
want to have aproadive system, with a database of voices
that can use spedker identification methods that will make
user login unnecessary. For now, however, the system is
readive and ead locdion in the room is assigned a letter
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Figure 2. Stickies showing handwriting recognition; first image is of
unsent stickie, second image is of received stickie

that a user must enter upon logging in. A central agent
cheds for discrepancies (multiple leaders or multiple
people in one location), and also provides a list of users
and locdions that can then be processed by an algorithm
to determine eat user’'s persona view of the meding
table.

3.3. Privacy and the Stickie Feature

As discused ealier, it is virtually impossble to pass
completely private notes in medings. Handing a pieceof
paper to someone is usually distrading and often draws
unwanted attention. We used the stickie pad metaphor in
designing our solution to passing private messages. All
users have apad of stickies on their screens on which they
can handwrite anote with a pen, and have the handwriting
be recognized, turned into typed print, and sent to another
meeing participant.

A user can move astickie aound the screen at leisure
by simply dragging and dropping it. If the user wants to
write a message to another participant, then the stickie
must be locked into a writing mode. This is done by
quickly tapping it with the pen. A pencil image gpeas at
the top d the stickie to indicate that it is locked. In the
writing mode, a dose button appeas when a gtickie is
moved and a new empty stickie is placed on top o the
original stickie stack. A written messge is recognized by
Paragraph’s  Calligrapher  handwriting  recognition
technology [9], which uses a dictionary and picks up
mixtures of cursive and printed charaders to achieve a
high accuracy rate (Figure 2).

A user can keep the stickie on his or her desktop as a
personal note or can drag the stickie onto the icon of
another user (again using the functionality provided by
viewing a virtual room). Once astickie is snt, it appeas
in a different color on the redpient’s desktop with the
sender’s name in the title bar.

An interesting issue regarding the stickies from an
interface perspedive is that we ould not model the
procedure dter present meeing behavior since no such
adions presently occur in medings. Thus, we modeled
the interfaceon a behavior that occurs in an office setting,
namely the use of stickie notes. We do not know how the
behavior will port to a meding, but we hope that the
adion will be familiar enough for the functionality to be
natural in the new setting. Because thisis a useful feaure,

espedally in certain kinds of meetings (such as during
negotiations), we hope that its foreignnessto a meding
environment will pass quickly in light of the fadlity it
brings.

3.4. Public Archive

People frequently want to review an image that was
previously projeded for all participants to see Thus,
EMCE archives dl the objeds that have been placed on
public view. Participants, who can browse the achive &
any time during the meding, see astack of tabs, with the
most recently projeded view on top. A whiteboard image
can aso be included in the stak. In addition, two
chedkboxes labeled “public” and “private” ded with
annotation issues.

A participant can use the public achive to write
private notes as well as notes for all participantsto see So
that people do not acddentally write public notes they
intend for private use, a private chedkbox is given
priority. If both public and private boxes are decked,
notes being written are private. A user who wants to
remove an annotation from view can scribble over it; this
gesture will be recognized and the note will be deleted.

To avoid confusion about what is being Jviewed
publicly, public annotations appea in a different color.
Furthermore, the objed on the top d the stack being
viewed is slightly masked to let the user know that that
objed is being projeded. The user may still write on the
projeced objed, but the mnstant visual feadbadk is a
reminder of what is being viewed on the projeded screen.
The public achive and projeded view has the potential of
leading to numerous blunders, and we designed this
interfacewith the ideaof minimizing such problems.

If a user deddes to re-projed an older view from the
meding, then that view must be dragged onto the
projedion icon, thus pladng a second version on the top
of the achive stadk. The thedkboxes can be used to state
whether private and/or public annotations should be
included in the new view.

One feature of the projeded view is that any diagram
or simple drawing is cleaned up. For instance, as a user
draws a table, the lines of the table ae straightened and
the written text inside the table is changed to typed text
[10Q]. Thus, cleaner documents are produced, and after the
meding there is no neal for someone to processthe ideas



and concepts discussed. The presentable form is creaed
automaticdly as the participants work, thus sving
valuable time.

3.5. Minutes

The projeded archive serves as a timeline for what
occurred during a meeting. As an objed is viewed, even if
it was viewed ealier, it isplacal onthetop d the achival
view. At the end of the meeting, al the images in the
stack are processed, and minutes are aeded in HTML.
The minutes, which can be viewed with any Web
browser, build a timeline of the images from the projeded
view, with sound and video clips of the meding avail able
upon demand. Public annotations that were not removed
are included, and private minutes files could be aeaed to
allow users to view their personal annotations as well. It
might also be beneficial at some point to merge the
projeded items with a person’s own notes to creae avery
personalized set of minutes.

In some caes, users may want a document not placed
on the public stad to be included in the meding minutes.
EMCE has a virtual “minutes keeper” that appeas in the
form of an icon, and anything dragged onto it is included
in the minutes document.

EMCE dso archives the minutes for access during
subsequent medings. Discusson topics are tradked so that
alist of past meding minutes relevant to the topic & hand
can be proadively creaed. At any time, a participant can
bring yp an old set of minutes either by selecting one from
thelist or by entering a keyword.

3.6. Note Taker

Meeing notes are often cumbersome to take and dften
lost. Although laptops can be used for note-taking, most
people leaned to take notes with pen and paper, and they
fed less comfortable doing so with a keyboard.
Furthermore, many people include drawings as well as
text in their notes, so a keyboard is insufficient. We
solved the problem by creaing an eledronic note taker
that is used much like pen and paper. Since the system is
eledronic, the notes can easily be achived for quick
retrieval and the text and diagrams can be deaned up for
easier reading.

An extra feaure not possble with traditional pen and
paper note taking is the &ility to add pctures or objeds
that are presented during a meding. A user can include an
image in personal notes by simply dragging it into the
note taker area Eventually, the note achive should
include the minutes creaed with a user’s personal notes.
We believe that both the personal note taker and the
ability to write private awnotations on the projeded
archive will be used because they serve dightly different
purpases. One feature gives a user a blank slate on which

to write and draw whatever is needed, and the other
provides an explicit bacdkground an which to add personal
readionsto agiven objed.

3.7. Desktop Link

It is not unusual for someone to enter a meeting and
redize that an important document has been left on a
desktop computer in an office In most cases, neither of
the two options available is stisfadory: the participant
can either waste valuable time by going bad to the office,
or the medting can continue without the document. EMCE
solves this problem by providing an open, two-way
connedion with ead participant’'s desktop. Each user
simply neals to ingtall a server on his or her computer in
advance (an install wizard makes this process very
simple), and then enter the password set for that computer
upon logging in to EMCE. This gives participants the
ability to work on their desktops remotely. During a
meding, a user can retrieve files from a desktop computer
or run any application remotely. For instance, a person
who wants a personal reminder note opens a word
processng appli cation and writes a note, which will be on
the desktop computer exadly as it was written during the
meding.

This desktop feaure uses open-source software cdled
Virtual Computer Network (VCN) developed by AT&T
labsin Cambridge, England [11]. Whil e this padkage runs
espedaly slowly on older machines, it is very reliable
and easy to use and truly allows a user to work remotely.
Every change is ®nt to the desktop so that it appeas as if
a ghost is working at the desktop computer. The key to
the system is that it is intuitive, and people who have
badground applicaions running that tradk various
adivities do not lose the information colleded while
working remotely. After user studies, we may dedde to
alow users to configure their systems < that only rare,
discrete padkages of information are sent. This will make
the onnedion faster, but the feaure may not be &
intuitive to use and will add hassle to the setup process
We want the setup and use of EMCE to be & smple &
posdble so that its use is not restricted to people in
tedhnicd fields.

3.8. Remate Conferencing

Many remote @nferencing tools are available, and
most of them use aWeb interface None of these todls,
however, redly combine two conference rooms into one
virtual space ad bregk down physicd barriers. As eath
user’s view consists of a virtual conference room, it is
quite natural to add virtual people to represent remote
users. The virtual people ae placed around the outside of
the entire view.



In the center of an EMCE conference table is a 360-
degree @mera that can view all participants. One of the
virtual pieces of hardware on the screen is a video camera
that a user can drag to a person icon and thus view a video
stream of that person. If the user makes no seledion
regarding which remote users to view, then the person
speing is automaticaly brought into view.

With regard to sound, EMCE has an open
speder/microphone system. Everything that is sid is
transmitted, just as in the traditional conference
environment where one heas esentially everything that
is being spoken.

One major advantage that EMCE offers is that remote
participants can projed onto their wall whatever image is
being projeced in the other conference locaions. The
public achive dlows remote users to perticipate in the
same manner as locad users becaise they all have acess
to the exad same achive. Remote users can also write
notes on the projeded view for everyone to seg and they
can write on a whiteboard and have their writing appea
on the whiteboards in al meding locaions. Most remote
conferencing systems do not allow al users sich essy
accessto writing on a major projeded view. Furthermore,
the stickie feaure of EMCE allows users to send private
messages to remote participants. There would redly be no
way to dothis without EMCE, as a pieceof paper cannot
be passed between people in different locaions.

3.9. Utilities: Printing, VCR, E-mail, Voicemail,
and Environment

It is often esential for all meding participants to have
hardcopies of a file that is being discussed. EMCE
provides a virtual printer onto which a user can drag a
file, causing the rred number of documents to be
printed a ead locdion of the meeting. A file is also
printed at ead remote locdtion.

Some people making a presentation find themselvesin
need of a VCR. Since no one should have to get up and
fiddle with a separate pieceof hardware, we include the
abili ty to work a VCR from auser’s virtual screen.

Furthermore, if people need to dim the lights for their
presentation, they should be &le to acamplish this from
their sea at the table. The aility to open and close
windows and doas may also be auseful feaure to add at
some point in the future.

A voicemail fedure is aso included to notify
participants of important messages they receve during a
meding. When an important (as defined by the user)
message arives, either a note gpeas on the participant’s
screen or asound plays in the eaphone, depending on the
user’s preference

Another desirable feaure is the sending of a document
or a message by e-mail to a group of people & once
EMCE satisfies this need by allowing a user to verbally

reguest that document X be sent by e-mail to persons A,
B, and C. The printing and VCR functions can also be
accesed with natural-language voice mmmands. A user
can simply ask the mnference room to print a document
or play avideo that isin the VCR. A user signifies that he
or sheis geding to the cmputer by touching a button on
the microphone. Eventually, however, we would like to
incorporate MIT’s intelligent room technology and have
EMCE be ale to automaticdly discern when it is being
spokento [2].

The printing, VCR, e-mail, and voicemail fedures
ead provide afunction that, while not central to EMCE,
we hope will be useful. They can al be accesd by
different modaliti es (pen and voice), and we believe that
they will further enhance our augmented space

4. FutureWork

Many of our solutions for augmenting a meding
environment are presently implemented. The note taker,
remote mnferencing, proadive topic tradking and some of
the utiliti es remain to be implemented, but the heat of the
projed -- the public archive and virtual view of the room -
- are in working order. We have designed EMCE to be
used only by dired meeing participants. However, the
functionality could be expanded to include more peoplein
different roles. For instance a person whose role is to
bring snacks to meding participants could be presented
with a different EMCE view containing information on
ead person’slocdion and food preference

As o0n as full implementation is completed, our next
step will be to perform extensive user studies. There ae
many questions to answer regarding how people will use
EMCE. For instance will EMCE truly be natural and
intuitive to use? Our hope in creaing this augmented
environment is that it will not cause significant changesin
a participant’s behavior. We tried to model our eledronic
feaures on adua behaviors. We want to determine
whether we have succeealed in our goal. As with any new
technology, while we do not desire behaviors to change
drasticdly, we do exped them to at least change dlightly.
Thus, user studies looking at the amount and permanency
of behavior change ae dso in order. Our hope is that
using EMCE will bemme natural to the degree that
subsequent use of nonaugmented meding environments
will become ambersome because of the lad of eledronic
aids. A user study evaluating how well people aapt to
EMCE and how necessary it becomes during the course of
medings would be very interesting.
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