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Abstract

To further the advances in Human Computer
Intelligent Interaction (HCII), we employ an
approach to integrate two modes of human-
computer communication to control a virtual en-
vironment. By using auditory and visual modes
in the form of speech and gesture recognition, we
outline the control of a task speci�c virtual en-
vironment without the need for traditional large
scale virtual reality (VR) interfaces such a wand,
mouse, or keyboard. By using features from
both speech and gesture, a unique interface is
created where di�erent modalities complements
each other in a more \human" communication
style.

Introduction

Since the advent of the computer, the user has been
forced to conform to the interface dictated by the ma-
chine. For the ancient Chinese the interface was the
beads of the abacus, and today the modern interfaces
interact with the user through a mouse movement, key
press, or even speech input. These interfaces can be
e�cient for a trained user, but they are typically inef-
�cient as a human-centric form of communication. For
example when communicating with a friend, we would
rather see the person and converse with them, rather
than staring at a terminal full of characters while typ-
ing a message.

With recent advances in multi-modal interaction it
has become more feasible to create interfaces that re-
semble forms of human communication. Although it is
still impossible to create an ubiquitous interface that
can handle all forms of human communication, it is
possible to create a small multi-modal subset. Most
modern interfaces rely exclusively on a single mode
of interaction such as speech or mouse. We propose
a more \natural" environment where speech in con-
junction with free hand gestures provides the interface.
Several systems have recently emerged that integrate

multiple interface modalities in desktop/hand-held-
based computer environments (Cohen et al. 1997).
However, a perfect application for such an interface is
in the use of large scale immersive displays or virtual
reality (VR) environments such as the CAVE and Im-
mersadesk technologies. Psychological studies in vir-
tual environments have shown that people prefer to
use hand gestures in combination with speech (Haupt-
mann & McAvinney 1993). Currently in these immer-
sive applications, 3-D motion sensors and a wand form
the user interface to an immersive display. We be-
lieve a more natural interface is created by replacing
the wand with a set verbal and gestural commands.
By removing the wand with it's mechanical cords and
buttons, we are making the interface less encumbered
and easier to use.

System Integration

As stated previously, creating a completely generic
human-computer interface (HCI) is at the least a
daunting, if not impossible task. To make this task
manageable, rather than de�ne a generic interface, we
constrain the interface by the task. Therefore, we limit
the commands, auditory and visual, to the speci�c do-
main of the task. As a testbed for our implementation
we have chosen to implement an interface for a VR
environment called BattleView (see Figure 2.) Battle-
View was created by the National Center for Super-
computing Applications (NCSA) for studying graphic
display and user interaction strategies in support of
planning and decision-making tasks in a virtual bat-
tle�eld (Baker ).
BattleView restricts the interface to a simple com-

mand domain that requires user movement and object
selection in a 3D space. To model this interface con-
sider an auditory/visual HCII system, symbolically de-
picted in Figure 1. The system consists of three mod-
ules: visual, auditory, and the multimodal integration
module. The auditory module is designated for auto-
matic speech recognition (ASR), while the visual mod-



ule interprets moving actions of the human arm and
hand through automatic gesture recognition (AGR).
Integration of the two modes de�nes the multimodal
integration module.
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Figure 1: Integrated multimodal interface struc-
ture. Variable cardinality represents di�erent com-
mand structures

Figure 2: BattleView virtual simulation environment.

Visual Module

The visual module for AGR is designed to recognize
two forms of gesture. The �rst is simple pointing. By
using a �xed point and location of the hand with re-
spect to the head, a 3D ray is created. The intersection
of the ray with the display creates a pointer that can be
used for object selection. The hand is essentially a 3D
mouse. The second form of gesture recognized is the
more formal recognition of gesture, where de�ned hand
movements are converted to commands via a visual fea-
ture classi�er. The visual feature classi�er dynamically
quantizes temporal patterns hand movements accord-
ing to some prior knowledge. Hidden Markov Models
(HMM's) (Rabiner 1989) are used for this task as their
special case provide invaluable modeling tools for scale
and shift invariant temporal pattern classi�cation. To
achieve robust, real time feature tracking for the hand
in both forms of gesture, we used skin color region
segmentation based on color predicates (Kjeldsen &
Kender 1996) and a Kalman �lter based second order

tracking algorithm as described in (Pavlovi�c, Berry, &
Huang 1997).

Auditory Module

For the auditory module, we selected a typical feature
estimator/classi�er architecture for speech recognition
systems, similar to the one in (Sharma et al. 1996). A
simple command grammar was de�ned, and word level
PIN's where again selected as the feature classi�er. To
facilitate HMM development, a commercially available
HTK Toolkit from Entropic Research was used for our
\classi�er module" design.

Integration Module

Integration of gestures and speech is carried out in the
multimodal integration module. In this module, input
states normally reserved for speci�c buttons, joystick,
and other wand type functionalities, are tracked and
manipulated by audio and gestural commands. For in-
stance, to start movement in the virtual environment
for ying, the user utters \y". When this verbal com-
mand is recognized, the gesture recognizer changes its
state from a feature classi�er to 3D point mode. Now
the gesture module input is being used to navigate as a
plane's joystick. By the position of the hand with refer-
ence to the head, the gesture now de�nes an airplane-
like control. To change the speed and direction, the
user utters \forward, faster". By using a command
grammar that incorporates each of the modalities, we
tie our interface to the application. Hence, we have
a two input interface that can accomplish tasks more
naturally and with greater ease than a single modality.

Conclusions and Future Work

In this work we propose an approach to integrating
speech and hand free gestures as two of the most im-
portant communication modalities toward a speci�c
task. Integration of multiple modalities into HCII is a
natural task, and it is motivated by concurrent use of
di�erent modalities in everyday human{to{human in-
teraction. However, until recently, such integration of
modalities has been seldom explored. By fusing multi-
modal features and using the features of each modality
to its greatest extent, we hope to provide natural inter-
faces. Further evaluation of the interface will be done
in the forthcoming human subject studies.
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