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Abstract on a single mode of interaction such as speech or mouse,
but rarely attempt to use multiple modes. To make the de-
To demonstrate some of our research topics in Humansign of multimodal interface manageable, rather than define
Computer Interaction (HCI), we employ two modes of nat- a generic interface, we constrain the interface by the task.
ural human-computer interaction to control a virtual envi- Therefore, we limit the modes and commands, auditory and
ronment. By using speech and gesture recognition, we out-isual, to the specific domain.
line the control of a virtual environment research testbed
(BattleView) without the need for traditional virtual real-
ity interfaces such a wand, mouse, or keyboard. The uses Motivation
of features from both speech and gesture creates a unique
interface where different modalities complement each other

in a more “human” communication style. o _ _
For our application we chose to implement an interface

for a virtual reality environment called BattleView. Bat-
1. Introduction tleView is a creation of the National Center for Super-
computing Applications (NCSA) for studying graphic dis-

Since the advent of the computer, the user has beerPIay and user interaction strategies in support of planning

forced to conform to the interface dictated by the machine. and decision-making tasks in a virtual battlefield [2]. The

For the ancient Chinese the interface was the beads of thé!Ser iS immersed in a display of terrain populated with bat-

abacus. In the 1960s the keyboard of the punch card mall€field objects, such as tanks and planes, which he can

chine and teletype constrained the user to batch jobs al,]dnanipulate. By definition, a virtualireality enviropment.is
blinding print speeds. The arrival of interactive text termi- & computer-generated representation of three-dimensional

nalsin the 1970s was a noticeable leap, but soon even typing';p"’,lce that engbles auser to. EXPErience an IMMersIve, inter-
was seen as a burden, and a more efficient interface was geactive S|mulat|0n_ of an 'maginhary or realistic environment.
veloped. Graphical operating systems of the 1980s, inspired!© COMPlete the immersive experience the human-computer
by the “look-and-feel” of a desktop, introduced the mouse— interface must bg S|mpl'e and natural. If th'e enwrc.)nment'ls
a simple pointing device for the user. In the 1990s, with hard to use oradlstractlon.to the user, the immersive quality
increases in computational power, basic speech recognitioﬁ)f the environment dramatically erodes.
and pen-based computing has become a reality. Recently systems have emerged that integrate multiple
All the aforementioned interfaces, with possible excep- interface modalities in desktop and hand-held computer en-
tion of the speech recognizer, have been efficient for avironments [6, 13, 3]. A leap away from small-scale in-
trained user. However, they are typically inefficient as a teractive virtual environment has been made at M.I.T. Me-
human-centric form of communication. With recent ad- dia Lab through their Perceptual Spaces [14] and Unen-
vances in Human Computer Intelligent Interaction it has be- cumbered Virtual Environments [11]. Another perfect yet
come more feasible to create interfaces that resemble formsarely explored testbed for multimodal interface is in large-
of human communication. Although it is still impossible scale immersive displays or virtual environments such as
to create a ubiquitous interface that can handle all forms ofthe CAVE [4] and Immersadesk technologies [1]. Our re-
human communication, it is possible to create a small mul- search efforts have been aimed at introducing natural mul-
timodal subset. Most modern interfaces rely exclusively timodal interface to these established virtual domains.



3. BattleView

We chose to implement BattleView on an Immer-
sadesk?2 [1] system. Interaction with the environment of
an Immersadesk is typically accomplished via magnetic
tracked position sensors and a pointing device called a
wand Thewandis essentially a 3D mouse with a receiving
antenna attached so that the computer constantly receives
information about the wand’s position and orientation. The
current wand has three buttons and a pressure-sensitive joy-
stick. The joystick is used primarily for navigation in com-
bination with the position and orientation information. The
buttons are used to set modes and select options. In its
present form the wand distracts from the naturally immer-  Figure 1. BattleView virtual environment on an
sive display, because the user remains tethered to the com- Immersadesk 2.
puter. Hence by freeing the user from the wires, and using
hand gesture and speech recognition the human-computer

interface becomes more human-centric. vertically such that the users hand is easily detected. Alter-
natively, a set of two cameras mounted on the two sides of
3.1. Hand Gesture the Immersadesk screen is used in the stereoscopic version

of the hand tracker.

Hand gestures by definition are the motions of the hands
to express ideas or to generally communicate. People com3.2. Speech Recognition
monly use hand gesture to emphasize important points dur-
ing discourse, or to express ideas or spatial relationships For the auditory module, rather than develop our own
that are hard to verbalize. For example, when describingword level recognizer as in []_2], we use a Commercia”y
the size of a catch, a braggart is likely to gesture a distanceavailable ViaVoice continuous speech recognition system
with his hands rather than say that the fish was 27.3 cen-from IBM. The reasons for using the commercial system
timeters in length. Hence, hand gestures tend to provide arather than our own custom system are twofold: the Bat-
natural communication mode that can be exploited. tleView environment supports speech recognition through

Machine recognition of the human hand gestures hasthis package, and the commercial system allows for rapid
attracted increased interest in the last several years. NUprototyping for word level recognition. A set of command
merous approaches ranging from the ones that use specialyords and a simple grammar were incorporated into the au-
ized gloves to free-hand visual interpretation have been at-ditory module. The command words are depicted in Ta-

tempted (see [10] for a recent review of hand gesture anal-ple 1. Audio data is captured using a head mounted wireless
ysis and interpretation techniques.) Original work of hand

gesture recognition and visual computing environments in Start, Stop, Go(ing) / Move(ing),
the Image Formation and Processing Group at the Univer- | Commands Backward, Forward, Left, Right,
sity of lllinois was done by J. Kuch [5] and V. Pavlovic [9]. Slower, Faster,

Both of these authors’ work dealt with the vision based ges- Select (this),

ture recognition. Also, their work strives to make a more Show information about this objegt
natural Human Computer Interface. The vision based ap- Weapon hit

proach allows the user to be free of direct contact with the
computer. In other words, there are no wire tethers, keys,  Table 1. Speech commands for BattleView.
or glove to distract the user. Thus, BattleView's gestural
interface employs a vision based input. microphone (see Figure 1).

BattleView uses a method of real-time color- and
motion-based hand tracking (see [8]). Fusion of the color 3.3  Integration of Modes
and motion cues provides a simple yet robust way of de-
tecting and tracking the user’s hand(s). The simple algo- Integration of gestures and speech occurs in a multi-
rithms are fast enough to run in real-time on a standard Sil-modal integration module. In this module, output data from
icon Graphics O2. To capture video data a single camera isthe audio and visual modes is combined in beimplemen-
mounted on the top center of the Immersadesk screen (setary and reinforcing fashions to create an input into Bat-
Figure 1). The field of view of the camera is pointed down tleView. Multimodal data fusion architectures in the HCI



domain usually combine frame-based fusion supplementedects. For the user to start movement in the virtual envi-
by multi-agent systems [6, 13, 3]. We borrowed some ba- ronment, he or she utters phrases such as “start moving for-
sic tools from the above approaches and encapsulated therward” or “go backward.” When the verbal command is rec-
into a finite-state grammar appropriate for the system. ognized and forwarded to the integration module, the vi-
The integration module in BattleView emulates and sig- sual module’s gesture recognizer changes from a feature
nificantly enhances the wand functionality of the original classifier to a simple hand position tracker. Thus, after
Immersadesk setup. Namely, it facilitates: the state change, the visual module would provide position
and orientation information to BattleViewlérrain Navi-
gationmode). In the standard BattleView VR environment,
the position and orientation data would be supplied by the
wand, but in our application the hand tracking system pro-
vides the data. Using the position of the hand with refer-

, ) L i . ence to the head, the gesture now defines an airplane-like
The module’s functionality is defined by a finite state ma- «gtik” control. To change the speed and direction in stan-

chine depicted in Figure 2. Each state has three sectiongj, g gatleview the user adjusts a joystick, but in this inter-
which summarize the state’s identity and actions. The t0P face, the user utters “faster” or “slower” (or “go faster” and
one third section of the state’s representation denotes thego slower”). In Figure 2 the action is noted as the arc “A:
name of the state. The center section of the state deﬁne?faster" on the “Move in VR Space” state. Again, the verbal
the state of visual module’s gesture recognizer. The Visualcommand modifies the state of the application. The role of
module can interpret two different forms of gestures, and speech and hand motion in this caseasplementary

the center section tracks which gesture form to use. Lastly, To return to theObject Manipulation the user would
the lower third section of the state documents the wand utter “stop” or “stop moving.” In the Object Manipulation

function emulated by the state. In Figure 2 the arcs with state, the visual module’s gesture recognizer facilitates sym-
bolic gesture and speech recognition. The visual module
‘Find Object

e Terrain navigation,
¢ Object selection, and

¢ Object manipulation.

V: Position, Orientation can respond to simple hand gestures to orient the user with
Vis: 3-D Point Data respect to the object. Hence, if the user makes a “left” com-
Becomes Wand Fos mand gesture, the view point moves to the left. The user
canreinforceany gestural command with a corresponding
spoken command. Thus, gestural “move left” can be ac-
companied by a spoken “move left”. The fusion of the two
modalities for reinforcement is carried out by selecting the
jointly most likely speech-gesture pagonstrained by the
grammar and the overlapping of action time intervals. In
addition, purely verbal queries such as “show information
about this object” and actions such as “weapon hit” can be
invoked in this state. Object Manipulation mode is disen-
gaged by uttering “release” or moving away from the ob-
ject’s sphere of interaction.

To select a new reference object, the user utters “select.”
The system then transitions into tject Selectionmode
where deictics and speech plagmplementaryoles. Here
a 3D picking ray is “attached” to the user’s hand and en-
ables him or her to point at an object on the terrain. Object

(3-D Positional
Datay
Button Press

A: This
A: Select

bject Selected
{Object Database Vg: HMM (Symbolic
esture Gestures)
Query) Recognizer
A: "Cbject Query” v

A:Move
A: Go

Space V: Position, Orientation

Vis: 3-D Point Data .
Maps to "Airplane” (35D Positiona
ata)
Control
A: Faster
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A Slower Movement

V: Left
V: Right
V: Down
V:Up

V: Rotate

A: Stop

Figure 2. Integration Module State Machine.
The “A: <command>" represents verbal com-
mands. The “V: <command>" represents ges-
ture commands.

selection is finalized by uttering “this) The described ac-
tion takes the module back into ti@bject Manipulation
mode where further manipulation or querying is possible.

_ 4. System Evaluation and Conclusions
“V: <command-" correspond to visual module commands

or data, and the arcs with "A<command-” correspond Introduction of bimodal (speech and gesture) interface
to audio commands. The commands can change a state ar i PE 9

. into BattleView has been considered a success. Judged by
modify data.
. The state m"_:lChme starts in the I(ﬂﬂ;)ject Manlpqla- Lvisual feedback is provided in the form of a hilighted bounding box
tion mode (“Object Selected” state), with no identified ob- indicating that an object is being pointed at.




numerous untrained and expert users the system is very easy
to use, quite natural, and fairly reliable. When used in
demonstrations to the public, untrained users almost instan-
taneously understood how to use the interface. Two aspectélo]
proved to be crucial for the usefulness of the bimodal inter-
face: real-time performance, and presence of visual feed-
back. Both of those aspects alleviated the inherent deficien- 11]
cies of the hand tracking and the speech recognition systems
and made them transparent to the user.

A major benefit of the current system is that its com-
ponents (such as gesture and speech recognition units angL2]
multimodal unit) areeasily modifiable This allows us to
use the system as the testbed for novel multimodal fusion
architectures with minimal system building effort.

Currently, the gesture recognizer only responds to point-
ing gestures, and it doesn’t recognize gestural commands[ls]
on-line. However, the gestural command recognition has
been demonstrated in a separate application to yield suf-
ficient accuracy, and plans are underway to incorporate it [14]
into the system. Our present research efforts are focused
on introduction of natural language / probabilistic modeling
processing elements (verified in off-line architectures, such
as [7]) in the on-line integration module.
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