Invited Paper

A New Paradigm for Head-Mounted Display Technology: Application to
Medical Visualization and Remote Collaborative Environments

JP.Rolland', Y. Ha', L. Davis®!, H. Hua®, C. Gao', and F. Biocca*

School of Optics / CREOL, University of Central Florida
School of Electrical Engineering and Computer Science
Beckman Institute, University of Urbana Champaign
Department of Telecommunications, Michigan State University

AW —

1 ABSTRACT

Today advanced 3D virtual environments are mostly based on either a technology known as the cave
or head-mounted displays. A new type of head-mounted display, which consists of a pair of
miniature projection lenses and displays mounted on the helmet and retro-reflective sheeting
materials placed strategically in the environment, has been proposed as an alternative to eyepiece
optics types of displays. The novel concept and properties of the head-mounted projective display
(HMPD) suggests solutions to part of the problems of state-of-art visualization devices and make it
extremely suitable for multiple-user collaborative environments. In this paper, we first review the
concept of the HMPD and present the latest prototype developed. We then discuss its application to
medical visualization and remote collaborative environments.

2 INTRODUCTION

Today advanced 3D virtual environments are essentially based on either a technology known as the
cave or head-mounted displays." The cave is basically a room with up to four walls, a ceiling, and a
floor. External projection systems are projecting stereo pairs of images on each panel of the room.
In such an environment, which is created to immerse one or multiple users in a virtual environment,
only one user is presented the 3D information from the correct viewpoint given that only one user can
be head-tracked in the cave. The other users will actually perceive a distorted view of the 3D virtual
environment. While a cave system provides a sense of immersion in a virtual environment given the
large field of view, drawbacks are that it is not easily deployable and calibration can be intensive.

3 HEAD-MOUNTED PROJECTIVE DISPLAYS AS A NEW PARADIGM

An alternative to a cave is to create an immersive virtual environment through a head-mounted
display (HMD). While conventional types of head-mounted displays employ eyepiece optics to
create the virtual images,’ an emerging technology known as a head-mounted projective display
(HMPD) has fairly recently been demonstrated to yield 3D visualization capability with a large field
of view, light weight optics, and low distortions. *”’

A HMPD, conceptually illustrated in Fig.2 (d), consists of a miniature projection optics mounted on
the head and a supple, non-distorting and durable retro-reflective sheeting material placed
strategically in the environment.® In such a system, a projection lens is used, instead of an eyepiece
as used in conventional HMDs, and a retro-reflective screen is used instead of a diffusing projection
screen as used by projection systems. A miniature display, located beyond the focal point of the
projection lens rather than between the lens and the focal point as in the configuration of a
conventional HMD, is used to display a computer-generated image. Through a projection lens, an
intermediary image is formed. A beamsplitter is placed after the projection lens at 45 degrees with
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respect to the optical axis to bend the rays at 90 degrees as done in an optical see-through HMD, but
the attitude of the beamsplitter is perpendicular to that of an optical see-through HMD.

Meanwhile, a retro-reflective screen is
located on either side of the projected
image. Because of the  special
characteristics of retro-reflective materials,
the rays hitting the surface are reflected
back onto themselves in the opposite
direction. A user can perceive the
virtualreal projected image at the exit
pupil of the optics. Ideally, the location
and size of the image is independent of the

(c) ) location and shape of the retro-reflective
(a)  Diffusing surface  (b) Reflective surface screen. Furthermore, rays hitting the retro-
(c) Retro-reflective surface reflective surface will be reflected

independently of the incident angle. The
difference between a diffusing surface, a
N mirror surface and a retro-reflective

Propcied imags ;!—u.
s g @ Relrorelictive Screen surface is illustrated in Fig.2 (a)-(c):

( N reflected rays by a diffusing surface (a)

} Tngg B Selittar can be in all possible directions; reflected

3 ‘-\ rays by a mirror surface (b) are
~ symmetrical to the incident rays with

i~ respect to the surface normal; reflected

= - rays by a retro-reflective surface (c) follow

I e, the opposites of the incident rays. The

mm;,y mage optical design of the system was reported

elsewhere.” The latest prototype recently
assembled is shown in Fig. 2 with a look

() into the optomechanical design of the
system. The beam splitter was redesigned

Fig. 1 (a)-(b) Illustration of different types of from an earlier version and some of the
reflective surfaces. (d) Schematic of the HMPD electronics associated to the flat panel

display were in part moved to a remove

imaging. .
gng control electronics box.

4 APPLICATION TO MEDICAL VISUALIZATION

The use of head-mounted displays in 3D visualization allows expansion of the technology to other
applications besides immersion of users in a virtual environment. With a see-through capability,
HMDs can be used to augment reality instead of replacing it. Such capability finds applications in
medical visualization where internal anatomy can be optically superimposed on a live patient or
model patient. We are also investigating the optical superimposition on a Human Patient Simulator
(HPS) produced by Medical Education Technologies Incorporated (METI) for airway management
training of medics. The HPS is an integral component to the Army's Combat Trauma Patient
Simulation (CTPS). Optical tracking is used to monitor and control the spatial relationships between
the user's head, the patient external anatomy being tracked, the 3D image, and the interactive tools
such as the intubation tools in the case of the HPS.
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Fig.2 (a) The HMPD in use (b) Optomechanical design of the HMPD

A demonstration of augmented reality is shown in Fig. 3. In this demonstration, the leg of a real
patient is optically tracked using an OPTOTRAK 3020 system. Accuracy and precision of 0.1mm is
achieved. From the 3D spatial coordinates of each LED, we apply custom-designed algorithms to
optically superimpose the knee-joint anatomy in this case on the leg in motion.'*"'?

Fig.3 Optical superimposition of internal knee anatomy on a leg model-patient in motion
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5 APPLICATION TO REMOTE COLLABORATIVE ENVIRONMENTS

The basic concept of the HMPD was enhanced to provide the capability to capture the HMD user’s
face through the HMPD."” The stereoscopic views of the face can then be videostreamed via a high
speed network such as Internet2, and recombined in another HMPD to simulate the teleportal of the
3D face to a remote location. An illustration of the concept of teleportation via a HMPD is shown in
Fig. 4. Two users in an office wearing a HMPD are conversing realtime with a third user remotely
located, also wearing a HMPD, whose face has been teleported to the office. Both visual and 3D
sounds must be integrated to render the sense of presence of the third user in the virtual environment
created. The three users can either visualize some 3D models under investigation together or
converse face to face. The remote user can only see one of the two other users at a time, while the
users located in the same office can see each other and the third user who has been teleported.

Fig.4 The HMPD is being developed as a key technology for effective remote
collaborative environments. A third party is teleported to a conference room where two
HMPD users have gathered.

Graphics by Stephen Johnson, ODALab, School of Optics at UCF.

6 CONCLUSION

In this paper we review the concept of the HMPD and its expansion to allow face to face
collaboration at a distance. The unique feature of the HMPD is that it combines the idea of a head-
mounted display with the concept of projection optics as utilized in caves. The technology is unique
because of its capability to create large field of views with lightweight optics as a consequence of
replacing the eyepiece optics in conventional HMDs with projection optics. We have discussed how
the technology is applied to 3D medical visualization as well as the creation of remote collaborative
environments for face to face teleconferencing connected via high-speed networks.
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