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ABSTRACT

A head-mounted, wide-angle, stereoscopic display system controlled by operator posi-
tion, voice and gesture has been developed at NASA“s Ames Research Center for use as
a multipurpose interface environment. This Virtual Interface Environment Worksta—
tion (VIEW) system provides a multisensory, interactive display environment in which
a user can virtually explore a 360-degree synthesized or remotely sensed environment
and can viscerally interact with 1ts components. Primary applications of the system
are in telerobotics, management of large-scale integrated information systems, and
human factors research. System configuration, research scenarios, and research
directions are described.

RESEARCH OBJECTIVES 2. Development of concepts and guidelines for

“portable” multi-modal information management

The primary objective of this research is to systems such as an EVA Spacesuit visor

develop a multipurpose, multimodal operator display, with subsequent development of works-—

interface to facilitate natural interaction tations for supervision and management of

with complex operational tasks and to augment large-scale integrated information systems in

operator situational awareness of large-scale which data manipulation, storage and

autonomous and semi-autonomous integrated sys-— retrieval, and system monitoring tasks can be
tems. The system should specifically provide a spatially organized.

uniform interface for multiple task supervi-
sion, be reconfigurable for varying levels of
operator skill, training and preference, and
have an operator interface configuration that
features human matched displays and controls
for tramsparent, natural system interaction
and reduced training requirements.

In the Aerospace Human Factors Research Divi-
sion of NASA”s Ames Research Center, an
interactive Virtual Interface Environment
Workstation (VIEW) has been developed to aid
in design, simulation and evaluation of
advanced data display and management concepts
for operator interface design. The VIEW sys—
tem provides a virtual auditory and stereos—
copic image surround that is responsive to
inputs from the operator”s position, voice and
gestures. As a low-cost, multipurpose simula-
tion device, this variable interface confi-
guration allows an operator to virtually
explore a 360-degree synthesized or remotely
sensed enviromment and viscerally interact
with its components.

Application areas of the virtual interface
environment research are focused in:

1. Development of workstations for complex
operational tasks such as telerobotic and
telepresence control of remotely operated
robotic devices and vehicles that require a

=N\

sufficient quantity and quality of sensory Figure 1. Head-:nupled, stereoscopic display
feedback to approximate actual presence at the system with DataGlov~ tactile input technology
task site. for virtual object manipulation.
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A more general research objective includes use
of this display system to synthesize interac-—
tive test environments for aerospace human
factors research in such areas as: spatial
habitability research; rapid prototyping of
display and workstation configurations;
research on effective transfer of spatial
information and visualization of multidimen-
sional data; and spatial cognition research on
mul tisensory integration.

SYSTEM CONFIGURATION

The current Virtual Interface Environment
Workstation system consists of: a wide—angle
stereoscopic display unit, glove-like devices
for multiple degree—of-freedom tactile input,
connected speech recognition technology, ges-
ture tracking devices, 3D auditory display and

speech-synthesis technology, and computer
graphic and video image generation equipment.
This hardware is integrated with a realtime

that
drive an

Unix workstation
tions required to

supports the computa-
external high-

performance realtime 3D graphics system,
processes input from up to 12 realtime input
peripherals (e.g., the trackers and gloves),

and provides other realtime task processing.
A collection of software called the “simula-
tion framework” has also been developed that
consists of a well-documented library of func-
tions to provide access to all of the system
peripherals and software services, and of a
collection of source files and simulation
software that demonstrates the use of the
major hardware and software components that
make up the VIEW system in order to facilitate

system reconfiguration for changing research
requirements.

VIEW Visual Display Technology

The VIEW Display subsystem is an integrated

technology package comprised of image display

elements, optics, and electronics  which
together provide a wide angle, stereoscopic
image enviromment that closely matches human

binocular visual capabilities. When combined
with high-resolution, magnetic 6 degree-of-
freedom head and limb position tracking tech-
nology, the displayed imagery appears to com-—
pletely surround the user in 3-space and pro-
vides 1interactive viewing and manipulation
capabilities. Specific areas of display
research in progress include: development of
orthostereoscopic and remote presence display
systems for improved operator performance in
telerobotics and telepresence control; display
of multi-dimensional, graphic representations
of knowledge-based information systems to
facilitate supervision and management of
large-scale integrated systems; and 3D simula-
tion of veridical experimental environments

for human factors research.

Head-mounted displays. The head—coupled

display unit uses two passive, twisted
nematic, monochromatic, liquid erystal display
screens presented to each eye of the user
through wide-angle optics. Resolution of each
display is 640x%220 pixel elements with 320
distinguishable vertical 1lines and approxi-
mately 16 1levels of grayscale. The LCD ele-
ments incorporate a diamond-shaped pixel
geometry that tends to reduce the apparent
fixed pattern spatial noise by effectively
doubling the horizontal and vertical fixed
pattern spatial frequencies. Currently, the
overall size of each display is 3.2" diago-
nally in a 4:3 aspect ratio. The transmissive
LCD screens are backlighted with miniature
flourescent light sources that result in a
contrast ratio of approximately 7:1. This
LCD technology is capable of address times of
63.5 microseconds per line with typical pixel
response times of approximately 32 mil-
liseconds. Imagery displayed on the screens
is a NTSC standard video signal generated by
computer, remote video cameras, or a combina-
tion of these input media with other video
sources such as optical video disk. Horizon-
tal position of the images on the display
screens can be electronically controlled by
sliders on the display casing to adjust for
image/optics alignment and for variable con—
vergence requirements. The display unit 1is
connected to support electronics that provide
power and conditioned video signals through a
20 foot cable. In addition, these electronics
provide stereo alignment patterns, user selec-
tion of biocular or binocular imagery output
to the viewer, and can simultaneously output
multiplexed stereo video signals for videotape
storage and replay.

The display screemns are viewed
directly through a pair of wide angle magnify-
ing lenses that are mounted approximately 5 mm
from the screens with adjustments for variable
accommodation requirements such as relative
tilt and distance of LCD substrate from
optics. These optics provide a 120 degree
horizontal and vertical field of view for each
eye and up to a 90 degree binocular field
overlap. Total instantaneous visual field of
view is approximately 120 degrees. The 2.75"
diameter of each optical element requires a
minimum 4" diagonal display size to completely
fill the available field of view. With
640%220 pixel resolution, each pixel in the

diagonal array (i.e. each distinguishable
vertical line) subtends 0.38 degrees (22.5
minutes) of horizontal visual field. The wide

angle optics create a pincushion distortion in
the displayed imagery that requires a barrel
distortion compensation in the image genera-
ticn or image capture technology for correct
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scene representation.

Mounting configurations. The display and
optics unit is positioned directly in front of
the viewer”s eyes and coupled to head motion
by means of a lightweight headgear configura-
tion. Adjustments are provided for varying
eye-relief distance and size of the supporting
head band. Eye=-cups around the optic elements
are included to reduce interference of ambient
light. The entire unit is counterweighted to
transfer the weight of the display and optics
unit to a point directly over the operator”s
spine. Also included on the headgear unit
are: a support for attaching the head position
tracking sensor, a microphone for input to the
connected speech recognition subsystem, and
earphones for auditory display feedback to the
operator. See Figure 1.

Desk-mounted viewer. The wideangle viewing
optics package 1is also implemented in a mov—
able arm—mounted, workstation configuration
for evaluation in design and engineering
applications such as the display of three
dimensional graphic databases used in Computa-
tional Fluid Dynamics Research. This viewer
incorporates CRT display technology with a
display resolution of 400 x 400 pixels. The
position and orientation of the display unit
and mounting arm is transduced and provided to
the host computer to allow the operator to
change viewpoints within the database in real
time.

Image generation and capture. The display
subsystem is used to view Virtual Environments
that are synthesized with 3D computer-
generated imagery, or that are remotely sensed
by user-controlled, stereoscopic video camera
configurations. The computer image system
enables high performance, realtime 3D graphics
presentation at resolutions of 640x480 and
1,000 x 1,000 pixels. This imagery is gen-
erated at rates up to 30 frames per second as
required to update image viewpoints in coordi-
nation with head and 1limb motion. Dual
independent, synchronized display channels are
implemented to present disparate imagery to
each eye of the viewer for true stereoscopic
depth cues. For realtime video dinput of
remote environments, two miniature CCD video
cameras are used to provide stereoscopic
imagery. Development and evaluation of
several head-coupled, remote camera platform
and gimbal prototypes is in progress to deter—
mine optimal hardware and control configura-
tions for remotely controlled, free~flying or
telerobot mounted camera systems. Research
efforts also include the development of real-

VIEW Auditory Display Technology

Binaural auditory display. The initial audi-
tory subsystem for VIEW is capable of present—
ing a wide variety of binaural sounds to the
operator via headphones using sound-synthesis
technology developed for music synthesizers.
This system has been developed so that a basic
sound library may be designed and stored off-
line for later realtime manipulation using an
interactive editing interface and/or “front-
panel” capabilities of the synthesizer. Thus,
different sound signatures (e.g., different
timbres or temporal patterns) can be associ—
ated with different objects or types of infor-
mation 1in the visual displays to achieve a
quasi-semantic or symbolic capability. Then,
for each of the independent and simultaneous
sound signatures or “objects”, a set of global
sound parameters can be dynamically coordi-
nated with the other display parameters via
the interface between the host computer and
the synthesizer. For example, stereo panning,
pitch, and intensity can be associated with
position, size, or distance of objects in the
visual display. Also, commercially-available
speech-synthesis technology with  unlimited
vocabulary -is used to provide an additional
display capability for voice report require-

ments and verbal acknowledgement of system
input. This synthesizer is a text to speech
converter that generates a human—-sounding

voice with capability to modify pronunciation
of output words, to change speaking rate, and
to select from six different voice qualities.

The primary function of this initial auditory
display is to provide both discrete and
dynamic auditory cues which can augment or
supply information missing from the visual or
gestural displays. For example, discrete cues

might signal contact between telerobot end-
effectors and target objects or alert the
operator to attend to information in a data

window which is currently out of the field~-
of-view. Similarly, auditory parameters can be
dynamically modulated and coordinated with the

other subsystem displays for such tasks as
monitoring the relative positions of dual
robot arms in order to keep them within a

proscribed motion envelope.

3D Auditory display. Additional research is
underway at Ames to develop an auditory

display prototype that is capable of syantheti-
cally gencroting three—dimensional sound cues
in realtime. These cues are presented via
headphones and are perceived outside of the
head at a discrete distance and direction in

time signal processing technology to combine the 3-space surrounding the wuser. When
multiple video sources with computer generated integrated into the VIEW system, position of
imagery. the operator can be monitored in realtime and
the information wused to maintain several
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lucalized sound cues in fixed positions or in
motion trajectories relative to the user.
This capability will further aid the

operator”s situational awareness by augmenting
spatial information from the visual display
and providing outside the field-of-view navi-
gational and cueing aids (see
Wenzel,et.al.,1988, this volume).

VIEW Interaction

Visceral interaction with the Virtual Environ-
ment surrounding the user is enabled by speech
and gesture input technologies. Current
research includes configuration and evaluation
of these input modalities, both separately and
in  combination, to facilitate effective,
natural user interaction in various simulated
task environments.

Speech recognition. The VIEW system includes
commercially-available, speaker—-dependent,
connected speech-recognition technology that
allows the wuser to give system commands in a
natural, conversational format that can not be
achieved with highly constrained discrete word
recognition systems or through keyboard input.
Typical speech mediated interactions are
requests for display/report of system status,
instructions for supervisory control tasks,
and verbal commands to change interface mode
or configuration.

For tactile interaction with the
three dimensional virtual environ-—
lightweight glove-like
devices that transmit data-records of arm,
hand and finger shape and position to a host
computer. The gloves are instrumented with
fiber optiec flex—-sensing devices at each
finger joint and between fingers. Electromag-
netic tracking sensors 1like those described
for sensing the operator”s head coordinates
are also mounted on each glove to transmit
relative position and orientation of the hands
and arms to the host system. The system also

DataGloves.
displayed
ment, the user wears

includes preprocessor resident subroutine and
editing capability to recognize and transmit
specific hand/finger gestures for wuse 1in

supervisory control modes, and software capa—-

bility to quickly calibrate system measure-
ments for use with different operator hand
sizes. Primary uses of this technology are to

three—-dimensional cursor 1in the
displayed environment, and to enable interac-
tion with virtual or remote objects. Current
implementations of this research at Ames
include a three~dimensional graphic database
of an articulated hand that, in the virtual
display environment, appears spatially
correspondent with the viewer”s real hand and
is directly controlled by the instrumented
glove device. With this capability, the

provide a

operator can pick-up and manipulate virtual
objects that appear in the surrounding virtual
environment. Similarly, in VIEW system
developed data—management environments, multi-
ple windows of information and simulated con-—
trol panels are positioned, sized and
activated by simply manipulating the virtual
objects 1in 3-space. In coordination with the
connected speech recognition technology, the
hand and arm gesture information can also be
used to effect and/or direct speech-indicated
actions 1in the synthesized or remote environ-—
ment (e.g., control of robotic arms and end-
effectors, and associated control of remote
camera viewpoints) (Fisher, 1986; Foley,
1987).

RESEARCH SCENARIOS

Telerobotics

Control of autonomous and semi-autonomous
telerobotic devices and vehicles requires an
interface configuration that allows variable
modes of operator interaction ranging from
high-level, supervisory control of mnultiple
independent systems to highly interactive,
kinaesthetic coupling between operator and
remote system. An appropriate interface for
supervisory control modes will provide the
operator with multiple viewpoints of the
remote task enviromment in a multi-modal
display format that can be easily distributed
and reconfigured according to changing task
priorities. For remote operations that cannot
be performed autonomously, the interface will
need capability to quickly switch to interac-
tive control. 1In this telepresence mode, the
operator will require a sufficient quantity
and quality of sensory feedback to approximate
actual presence at the remote task site.

The virtual environment display system 1is
currently used to interact with a simulated
telerobotic task environment. The system
operator can call wup multiple images of the
remote task environment that  represent
viewpoints from free-flying or telerobot—
mounted camera platforms. Three-dimensional
sound cues give distance and direction infor-
mation for proximate objects and events.
Switching to telepresence control mode, the
operator”s wide-angle, stereoscopic display is
directly 1linked to the telerobot 3D camera
system for precise viewpoint control. Using
the tactile input glove technology and speech
commands, the operator directly controls the
robot arm and dexterous end effector which
appear to be spatially correspondent with his
own  arm. Current experimental research
includes evaluation of operator performance in
teleoperation placement tasks and of super—
visory control interface configurations.
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Dataspace

Similar to interface requirements for super-
visory control of telerobotic systems, the
operator interface for large-scale integrated

information systems such as Space Station will
also require a range of interaction modalities
for operator intervention in the case of sys-
tem degradation or conflicts in resource allo—

cation. Efficient supervision of these
automated systems will depend on highly
graphic, multi-dimensional status representa-—

tions of the numerous sub-systems in a format

that can be easily monitored in parallel with
other mission related tasks such as planning
and scheduling, telerobot supervision, and

communication activities. In the event of sys-
tem conflict or malfunction, the interface
environment should enable natural interaction
with multi-modal, knowledge~based warning and
advisory systems.

Advanced data display and management concepts
for this task environment are being developed
with the virtual environment display technol-
08y Current investigations include use of
the system to create a display enviromment in
which data manipulation and system monitoring
tasks are organized in virtual display space
around the operator. Through speech and ges-
ture interaction with the virtual display, the
operator can rapidly call up or delete infor-
mation windows and reposition them in 3-space.
Three—-dimensional sound cues and speech-
synthesis technologies are used to enhance the
operators overall situational awareness of the
virtual data enviromment. The system also has
the capability to display reconfigurable, vir-
tual control panels that respond to glove-like
tactile input devices worn by the operator.
Major research issues include development of

mul ti-modal data access and manipulation
guidelines; concepts for multi-dimensional,
graphic representation of knowledge-based

information systems; and definition of inter-
face configurations for shared workspace
environments in collaborative systems manage-
ment.

DISCUSSION

Research Directions

Projected near term technology developments
for the VIEW system include improved and
distortion—corrected computer generated
imagery  processed at significantly higher
frame rates; High resolution, color display
elements; Integration of 3D auditory display
technology for spatially correspondent, syn—
thesized sound cueing; Tactile feedback capa-
bility; Multiple viewpoint display

integration; And multiple VIEW display sta-
tions for shared workspace configurations in
which each user 1is graphically present and
interactive in the Virtual Environment.

Conclusions

Unlike most technology for 360-degree visual
simulation enviromments, the virtual environ-—
ment display system does not make use of
large, expensive, special purpose projection
configurations. The described system is port-
able and 1low-cost without large space and
equipment requirements. In comparison to other
research efforts in head-mounted displays,
this system is unique in presenting a stereos-—
copic image that closely matches human binocu-
lar vision capabilities and in its configura-
tion with state-of-the-art auditory, speech
and tactile input technology.

The VIEW systems” capabilities for providing a
highly graphical, uniform interface for vary-
ing task enviromments and level of interaction
may reduce operator workload and training
requirements and increase productivity, and
it”s use of muti-modal input channels and aug-
mentation of visual displays to provide wunob-
trusive redundancy may increase accuracy and
efficiency in human-machine interaction.
Also, multiple viewpoint presentation of task
related information in a 360-degree, dynamic
stereoscopic display appears to increase
situational awareness and effectiveness 1in
monitoring cognitively demanding spatial tasks
such as construction and proximity operations
or spatial representations of knowledge—bas=ad
systems and activities.
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