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vehicles, and more must be acquired and analyzed to make
the appropriate decisions. Commanders are more likely to be
overwhelmed
rather
than
aided
by
this
additional
information.

ABSTRACT
This paper presents a survey of the Visual Information
Environment
Prototype
(VIEP),
a
system
which
demonstrates the next generation of Command, Control,
and Intelligence
(C31) systems.
In
Communication,
particular,
VIEP provides
a novel integration
of user
interaction techniques including wireless input and largescreen output to facilitate the task of collaborating
with
media such as large images, audio, and video. The prototype
has been implemented and demonstrated over both local and
wide area networks.
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Current computer systems for C31 have only automated the
traditional ways of doing things [12]. For example, large
screen computer displays have replaced the maps painted
onto glass plates and computer
networks
are used
extensively
for data collection.
However, the computer
technology has not been used to 1) aid in the decision
making process, especially when that process is distributed,
2) facilitate the analysis of large amounts of multimedia data,
and 3) make the computer systems more accessible to all
users, especially high-level
commanders who have been
reluctant to use keyboards, mice, and other input devices in
the past.

Wireless Interfaces

INTRODUCTION
This paper presents a survey of the Visual Information
Environment Prototype (VIEP). VIEP has been designed and
implemented to demonstrate how advanced user interaction
techniques coupled with high-performance
collaboration can
improve decision making. In particular, VIEP is targeting the
Command, Control, Communication,
and Intelligence (C31)
environment.

The Approach
To address these problems,
VIEP
is using emerging
technologies in user interaction, display, and collaborative
computing to create a new type of C31 system. Situation
rooms, connected via high-speed
networking,
will
be
rear-screen
projection
displays.
dominated
by large,
Commanders and operations personnel will manipulate data
using a variety of wired and wireless technologies. Field
personnel are brought into the decision-making
process

The Problem
The C31 environment is a demanding one [3]. Traditionally,
the heart of C31 has been the “situation room” which consists
of a room of operators receiving intelligence reports from
field personnel. Information
is collected manually on large,
static displays using grease pencils. Commanders, distancing
themselves somewhat from the data displays, try to decipher
the big picture and then issue orders accordingly.
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However, the nature of conflict is changing. Future military
actions are likely to be limited-scale
and theater-oriented,
necessitating the move to distributed decision making where
field personnel communicate directly with the commanders
as well as each other. At the same time, the amount and types
of intelligence
data have increased. Surveillance
photos,
weather data, audio intercepts, video from unmanned air

–-7

Permissionto make digitaVhard copies of all or pan of thk material for
personal or classroom use is granted without fee provided that the copies
are not made or dhibuted
for profit or commercial advantage, the copyright notice, dre tide of the publication and its date appear, and notice is
given tba~ copyright ig try p~rrnissian of th. ACM,
1.-... TO COPY .Ar,wisej
to republish, to post on servers or to redkibute
to lists, requires specific
permission and/or fee,
UIST ’96 Seattle Washington USA
@1996 ACM 0-89791-798-7/96/11

-

.—.
.-...
u~F&, -..

Eigure 1: The VIEP Vision
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through teleconferencing
and collaborative
applications.
This vision is depicted graphically in Figure 1.
There has been progress in the necessary component
technologies. User tracking systems and voice recognition
have been made faster and more accurate. Large screen
displays have been made larger and less expensive. Increases
in network bandwidth
and transmission
protocols have
enabled more rapid transmission of imagery. Collaborative
computing has reached a point where it can be used to
support network-based conferencing and interaction.
While much has been accomplished
on the component
technologies,
very little has been done to examine their
combination
and interaction.
VIEP brings together these
pieces to form an innovative environment that will greatly
facilitate the control and understanding of data.
TECHNOLOGY COMPONENTS
The philosophy throughout the project has been to develop
technology only where needed, to integrate existing tools
and technology whenever possible, and to implement the
system within a fairly tight budget. In the survey of VIEP

technology that follows, these choices will become clear.
There
are three main
component
technology
areas:
collaborative
computing,
wireless user input, and large
display output.
Collaborative
Computing
The Computer-Supported
Cooperative
Work
(CSCW)
component provides the basic infrastructure
in VIEP for
integrating the various interface technologies and providing
the collaborative C31 capabilities. The system has to support
a large number of widely-distributed
users in an efficient
manner. It also has to provide good performance in spite of
potentially-large
network Iatencies and the use of large sets
of multimedia data. Finally, the system has to be extensible
and provide an API so that new tools can be added without
needing to modify large parts of the system.
Although there are several commercial offerings of desktop
conferencing systems, none met our design requirements of
scalability to a large number of users, good performance
when working with large datasets (100 Mbyte images, for
example) over wide area networks, flexibility in supporting a
wide range of user interactions including side conferences

Figure 3: MultiTalk Desktop
and late comers, and extensibility. We decided to use TASCdeveloped software instead. There are two components to
our collaborative
software
environment:
a Conference
Scheduling and Initiation
System, CSIS, and a multicastbased collaborative infrastructure, MultiTalk.

tools provide adequate audio and video conferencing
and
have the added advantage that they utilize multicast. As a
result, they are very network efficient and allow the system
to be scaled to a large number of users.
TASC Mu/tiTa/k. TASC MultiTalk
implements
a desktop
metaphor
for the sharing of data among conference
participants [15]. The main desktop window is shown in
Figure 3. It contains easily-accessible
collections of data
items including a photo album of imagery, a jukebox of
audio clips, and a video library of video clips. These are the
data items that the collaborators will be manipulating.
There
is also a toolbox on the desktop which contains collaborative
tools for manipulating
the data: a shared image viewer, a
collaborative
audio player, and a shared MPEG- 1 video
player. The final item on the desktop, and perhaps most
important, is the bulletin board.

Conference Scheduling and Initiation. TASC’S
Conference
Scheduling
and Initiation
System (CSIS) supports the
creation of collaborative conferences [7]. It allows users to
schedule conferences, specify which application tools will
be used during the conference, and launch the applications at
the appropriate time.
The interface to CSIS is shown in Figure 2. The top window
in Figure 2 is the Registration Interface which shows the user
name as well as any active conferences. From this window,
the user may join a conference to which he has been invited
or schedule a new conference. When the user schedules a
new conference, the second window on the left of Figure 2 is
used. This window shows the entire set of conferences
managed by CSIS along with an indication of whether they
are in progress or scheduled for future execution, the date
and time of the conference, the conference title, which
application tools are going to be used in the conference, and
who created the conference. To create a new conference, the
window shown in the lower right of Figure 2 is used. The
conference creator specifies the date and time for the
conference, the application, and the users to participate in the
conference. Conferees are specified by name; CSIS takes
care of finding participants
regardless of their network
address.

The bulletin
board represents the shared state of the
conference. A typical bulletin board from a conference in
session is shown in Figure 4. Everything
on the bulletin
board is seen and can be manipulated by everyone in the
conference. Included on the example bulletin board are icons
of the conference participants, several data items (an image
“lairpj”
an audio clip “UNPOL” and a video clip “Hit_p”),
and three collaborative
viewing tools (an image viewer
“TalkI~’ an audio player “Audio:’
and a movie player
“Movie”).
Associations are made between conferees, viewers, and data
items by dragging and dropping the respective icons. In
Figure 4, an association has been made between the audio
player, the “UNPol”
audio clip, and the two conference
participants. When either participant double clicks the audio
player, both will hear the clip. Associations allow a broad
range of collaborative activities. They can be used to support
subconferences or side discussions, for example,

For VIEP, the two main applications
that the user may
specify when creating a conference are Teleconferencing and
TASC’S MultiTalk. The Teleconferencing
application allows
conferees to see and hear each other. MultiTalk is a TASCdeveloped con ferencing substrate used for implementing
multi-user applications.

Collaborative Tools. As described above, there are three
collaborative
tools
available
in MultiTalk:
a highperformance image viewer, an audio player, and a video
player. The audio player utilizes built-in audio capabilities of

Teleconferencing,
To
provide
audio
video
and
teleconferencing,
we have incorporated the MBONE tools,
vic (for video) and vat (for audio), into VIEP [8, 2]. These
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Figure 4: MultiTalk Bulletin Board

Figure 5: Collaborative
the workstations used for the prototype. The video player is
based on the MPEG-1 player developed at Berkeley [9]. In
both cases, state changing commands such as “play” and
“stop” are sent when a user starts or stops an audio or video
playback. Replicated copies of the collaborative tools on the
other conferees’ machines then execute the commands. We
have been able to achieve synchronization
among the users
despite network latencies even with replicated applications.
This is achieved
through
specialized
synchronization
primitives
described more fully in [15]. In the present
system, the audio and video players operate on local copies

Image Viewer

of the data items. This was done purely to save network
bandwidth
between the collaborators.
We are currently
working on the modifications necessary to handle audio and
video streamed from one machine in the network.
The collaborative
image viewer, shown in Figure 5, was
originally developed as part of the IMACTS project at TASC
[13]. The viewer is able to handle images of extremely large
size when they are stored in the AIMS image format (a tiled,
hierarchical image format based upon TIFF). AIMS images
are organized as multi-resolution
pyramids.
The viewer
shows the user a low-resolution
overview of the image and
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allows the user to zoom in to particular areas of interest. At
any particular resolution, only the tiles needed to fill the
high-resolution
portion of the viewer are fetched. Additional
tiles are fetched as needed when the user scrolls and zooms
the image. At its highest resolution, the image shown in
Figure 5 is only about 6000 pixels on a side; however, the
viewer has handled images well in excess of 1 Gbyte of data.

Increases in computational
power and improvements
in
processing
algorithms
have made video-based
person
tracking systems possible. By means of a video camera, the
computer tracks the positions of the user’s hands. The user
needs no special equipment. Chroma keying can improve the
accuracy and performance of such systems, requiring the
user to wear simple, colored gloves.

Under VIEP, the image viewer was made collaborative.
Image loading, panning, scrolling, and zooming functions
are shared among all of the viewers in a conference. In
addition, the image viewer has the capability to fetch data
from a server in the network or use a local copy. The viewer
was also augmented with teleprinters for collaborative use.
Any number of teleprinters can be shown and manipulated
simultaneously. The user can select the color for his pointer,
and when he presses a mouse button in the high-resolution
portion of the viewer, the pointer location is shown in all of
the viewers in the specified color.

We have incorporated
a video-based gesture recognition
system developed at the MIT Media Laboratory into VIEP
[10, 11]. The software detects motion by subtracting a preacquired background image ffom the incoming video stream.
The difference image is fed to an image understanding
module that infers the location of various body components,
allowing hand positions to be isolated.

Finally, the image viewer has been enhanced with animated,
iconic overlays. In Figure 5, these are used to represent
planes and ships. The icons can be moved under
programmatic
control, allowing the viewer to be used for
situation monitoring or “what if’ planning.
MMicast.
Like
the MBONE
tools, MultiTalk
makes
extensive use of multicast in order to use the network most
efficiently. The underlying communication
among MultiTalk
desktops is via RAMP,
the TASC-developed
Reliable
Adaptive Multicast
Protocol [14]. RAMP combines the
network efficiency
of multicast
with the programming
convenience of reliability.
Wireless Input Devices
The second key technology component in VIEP is the use of
wireless input devices. Commanders have been reluctant to
use technology that requires them to be wired to a computer.
Keyboards and mice, let alone data gloves and virtual reality
helmets, are deemed too odious. In addition, during time of
crisis, commanders should not have to search for a mouse to
access the necessary information. In fact, there may be more
people in the main VIEP situation room than there are
keyboards and mice.
One of the challenges for VIEP has been to find alternative
user interface technologies that 1) are more natural to use,
especially for high-level commanders, 2) allow for a broad
range of interactions
with data, including
3-dimensional
data, and 3) support multiple users in front of the largescreen display.
The current
VIEP
system uses two
technologies to address these problems: video-based gesture
recognition and speech recognition.
Gesture Recognition.
People naturally
want to use their
hands when interacting with systems, both for specifying
(selecting) objects and for manipulating those objects. Mice,
trackballs, touch pads and screens, and graphics tablets are
limited to 2-D and 2.5-D datasets, have generally been wired
to the computer, and require a stable base or two hands to
operate. Three-dimensional
input devices, such as data
gloves, space balls, and flying mice, tend to be expensive and
bulky when adapted for untethered use.
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Initially, the gesture recognition software has been used to
control a teleprinter
on the collaborative
image viewer.
Figure 6 shows the integrated system in operation. On the
left side of Figure 6, the user is standing in front of a
workstation with a camera on top of its monitor. The window
in the middle of Figure 6 shows the output of the image
understanding module; this is what the system “sees” after
the pre-acquired background image is subtracted from the
live video stream. Ultimately,
the hand position is used to
control a teleprinter
on the collaborative
image viewer. In
Figure 6, the teleprinter is the small square under the “E’ in
the label “CRES” in the upper left of the image.
Stereo person tracking, utilizing
possible. We plan to incorporate
VIEP in the future.

two input cameras, is also
this improved software into

One shortcoming of video-based gesture recognition is that it
is only suitable for standoff
operation.
As the user
approaches the camera (which will in operation be mounted
above a large, rear-screen projection
system), he either
obscures the background, thereby confusing the background
subtraction module, or he leaves the camera’s field of view
totally. Stereo tracking only exacerbates this problem, since
the user must be visible to both cameras. This is suitable for
a commander, standing back and surveying the situation, but
it is not appropriate for the other operators who need to work
more closely to the screen.
We have determined that a different type of wireless pointing
input
is needed for near-screen
operation.
However,
commercially-available
technologies
for wireless pointing
do not satisfy our requirement of supporting multiple, nearscreen users. We are looking into using laser presentation
pointers coupled with laser detection technology behind the
rear-screen projector as an analog for the grease pencils
currently
used by operations personnel. The electronic
grease pencil would be similar in operation to the pen used in
the Liveboard system [4].
Speech Recognition.
At its best, video-based recognition is
still fairly low resolution. Although it is possible to track the
hands, it is difficult, for example, to localize the fingers. This
makes it difficult
to use any sort of sign language for
selecting and manipulating
data items. We have decided to
augment the wireless gesture recognition
with speech
recognition to overcome this problem. Speech recognition

~
Figure 6: Gesture Control of the VIEP System
naturally complements gesture recognition, allowing
to point and talk to get their work done [1, 6].

people

The performance of speech recognition
systems has been
greatly enhanced through the inclusion of natural language
processing. By relying on phrase recognition
rather than
individual word recognition, accuracy of these systems has
increased greatly. The larger benefit of spoken language
understanding
systems, however, is gleaned through the
resulting interpretation of thesentence or phrase, in that the
meaningless or extraneous words that naturally occur in
speech are automatically
removed, and physically different
phrasings of essentially the same request can be mapped to
the same set of actions.
Although our initial requirements were only for limited word
recognition to implement select functions, our eventual goal
is to incorporate
more
functional
spoken language
understanding into VIEP. There are many commercial and
research speech recognition systems available. We chose to
integrate BBN’s HARKTM Recognize
speech recognition
software into VIEP [5]. HARK performs continuous speech
recognition and can be configured for speaker independent
recognition.
At this time, speech recognition
is used to control the
panning,
scrolling,
and
zooming
functions
of
the
collaborative image viewer. By speaking commands such as
“scroll north,” “ go south;’ or “zoom in” the user is able to
control image position and magnification.
By repeating a
direction,
the user increases the scrolling speed in that
particular
direction.
Both spoken commands and mouse
input can be used interchangeably.
In addition, incoming
commands from remote collaborators are also processed at
the same time.
Wireless and Traditional InterLaces.

We do not expect that
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we will totally eliminate the use of conventional
input
devices in VIEP. Indeed, we have designed the system so that
it works equally-well with either wired or wireless input (or
both). We anticipate that trained operators, such as those that
work in the situation rooms today, will continue to be the
primary people interacting with the system. That class of
user will certainly use traditional input devices.
The MultiTalk
subsystem supports the notion of varied
capabilities through a “plug in” architecture that allows users
to pick which capabilities they would like to use. In the main
situation room, speech and gesture recognition
may be
plugged in for user input. At a remote site, there may not be
enough room for gesturing or the environment may be too
noisy for speech recognition.
These users do not need to
worry about those components and can interact with the
system through traditional interfaces.
Large Screen Output
The third key technology component in VIEP is the use of
advanced display devices. Although
the amount of data
available to users has increased dramatically,
this increase
has not been followed by a corresponding
increase in the
number of and effectiveness of tools to aid users in the
understanding the data. A simple method for helping users
manage the increased data volume is to provide larger
display areas, both in terms of resolution and in terms of
sheer physical size.
In essence, there are two types of collaboration
within the
VIEP system. The first, described above, is the collaboration
with remote personnel using networks and teleconferencing.
The second is the collaboration among the commanders and
operators co-located in one of the situation rooms. These
users need to be able to see and manipulate each other’s data.
One user may be working in isolation with some data, but
eventually, the analysis of that data will need to be presented

to the group. A large screen display provides enough space to
allow individuals to work close to the screen on a set of data.
At the same time, it affords the legibility for a group of users
to stand back and discuss that data.
The VIEP sponsor has constructed such a display for the use
of this and other projects. A photograph of this display is
shown in Figure
7. The display
consists of three,
horizontally-tiled
video projectors each driven at 1200 by
1600 pixels to produce a tiled display with a total resolution
of 1200 by 4800 pixels across a screen area of 40 inches by
120 inches. The high-resolution
data projectors are mounted
behind a glass screen; rear projection is employed so that
users can stand directly in front of the display. The software
treats the three monitors as one, large X Window System
root window. Each projector actually has a video bandwidth
approaching 2000 by 2500 pixels yielding a future display
capability of approximately
15 million pixels.
As mentioned previously, the VIEP program is interested in
investigating three-dimensional
data. There are two standard
techniques for producing 3D in a projection system. The first
is to use two projectors polarized orthogonally to each other.
The users wear correspondingly
polarized glasses to receive
a different
image on each eye. It is critical
in this
configuration that the projection screen be non-depolarizing.
The second way is to alternately project left and right
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images. The users wear active glasses that block the eyes
alternating in synchrony with the projector. If the switching
speed is fast enough, “cross talk” between the two channels
is minimized. Both options are quite costly; VIEP is likely to
use more limited 3D display capabilities in the near future.
STATUS AND FUTURE WORK
VIEP is a 3.5 year program. We have just completed our
second year of the development and integration effort. The
system discussed in this paper is demonstrable and has been
used over both local and wide area networks. Feedback from
the program sponsor has been very positive.
There are several areas where we are actively developing the
system. First, we are investigating
additional
types of
wireless input devices, particularly
for near-screen use. As
described previously,
we are developing
an electronic
“grease pencil” using laser presentation pointers and video
cameras located behind our projection screen. In addition,
electric field sensing technology looks promising as a means
of interacting with the system [16].
Second, we expect to improve upon the wireless interface
technologies already present in VIEP by incorporating stereo
person tracking as well as increasing the amount of the
system that is controlled via gesture recognition. We would
also like to increase the type of system operations that can be

performed via speech input as well as expand the system’s
lexicon to include more complex phrases in addition to
simple commands.

Supporting Group Meetings, Presentations, and Remote
Collaboration,
Proceedings of CHI’92 (May 3-7, 1992),
pp. 599-607.
5. HARIP
Recognize Programmer’s
bridge, MA, June 1994.

We also expect to further investigate the use of audio output
for VIEP. At present, audio output is only used for the
playback of audio clips. Audio could prove valuable in
providing system feedback, especially in the case where the
users are standing back from the display and more traditional
textual feedback may not be readily visible.

7. Keaton, M. and Zabele, G. S., A Conference Scheduling
and Initiation
Service for Collaborative
Applications,
Proceedings of the Technical Conference on Telecommunications R&D in Massachusetts (March 12, 1996, Lowell, MA), pp. 351-361.
8. McCanne, S. and Jacobson, V., vie: A Flexible Framework for Packet Video, Proceedings of Multimedia’95
(November 5-9,1995, San Francisco, CA), pp. 511-522.

Finally, as mentioned previously, we are interested in adding
three-dimensional
data and viewing to VIEP.
CONCLUSION
The VIEP system is a synergistic combination of what have
been, up to now, separate technologies: wireless interfaces
including gesture and speech recognition;
extremely large,
high-resolution
displays;
and collaborative
computing
encompassing traditional
audio and video teleconferencing
as well
as specialized
multi-user
applications.
While
developed to support command and control operations, we
feel that such a system is applicable in other environments as
well. In particular, any environment where there is a lot of
multimedia
data that needs to be communicated
among
distributed users, such as medicine or science, is a candidate
for a VIEP-like system.
ACKNOWLEDGMENTS
Mark Keaton implemented
large portions of CSIS. Steve
Zabele has been instrumental in formulating
the design of
the VJEP system.

9. Patel, K., Smith, B. C., and Rowe, L. A., Perjlormance ofa
Software MPEG VZdeo Decoder, Proceedings of MultiMedia’93 (August 1-6, 1995, Anaheim, CA), pp. 75-82.
10. Pentland, A., Smart Rooms, Scientific
1996, 274(4), pp. 54-62.

American,

April

11. Pentland, A., Machine Understanding of Human Action,
Proceedings of 7th International
Forum on Frontier of
Telecommunication
Technology,
(November
1995,
Tokyo, Japan).
12. Rackham, Peter, ed. Jane’s C41 Systems, Jane’s Information Group, Inc., Alexandria, VA, 1995.
13. Stephenson, T. and Voorhees, H., ZMACTS: An Interactive, Multiterabyte
Image Archive, Proceedings of the
Fourteenth IEEE Symposium on Mass Storage Systems
(September 11-14,1995, Monterey, CA), pp. 146-160.
14. Zabele, G. S., DeCleene, B., and Koifman, A., Reliable
Multicast for Internet Applications,
Proceedings of the
Technical Conference on Telecommunications
R&D in
Massachusetts (March 12, 1996, Lowell, MA), pp. 476485.

REFERENCES
1. Bolt, R. Put That There: Voice and Gesture at the Graphics lnte~ace, Computer Graphics, July 1980, 14(3), pp.
262-270.

15. Zabele, G. S., Rohall, S.L., and Vinciguerra,
R.L., High
Pe#ormance
Infrastructure
for
Visually-Intensive
CSCW Applications,
Proceedings of CSCW’94 (October
22-26, 1994, Chapel Hill, NC), pp. 395-403.

2. Casner, S. and Deering, S., First IETF Internet Audiocast, ACM
SIGCOMM
Computer
Communications
Review, July 1992, 22(3), pp. 92-97.

16. Zimmerman, T. G., et al., Applying Electric Field Sensing
to Human-Computer
Interaction, Proceedings of CHI’95
(May 7-11,1995, Denver, CO), pp. 280-287.

3. Coakley, T. P., ed. C31: Issues of Command and Control,
National Defense University, Washington D. C., 1990.
A Large Interactive

Cam-

6. Hauptmann, A. G., Speech and Gestures for Graphic
Image Manipulation,
Proceedings ofCHI’89
(April 30May 4, 1989), pp. 241-245.

Work is also underway to incorporate
audio and video
streaming technology into the system. This is particularly
important for information
sources that acquire data in realtime. There may not be adequate time to capture the data
item and then ship it between the potential collaborators.

4. Elrod, S., et al., Liveboard:

Guide, BBN,

Display

66

