Visuo-Haptic Systems: Half-Mirrors Considered Harmful
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Abstract

In recent years, systems that allow users to see and
touch virtual objects in the same space (visuo-haptic sys-
tems) are being investigated. Most research projects
are employing a half-mirror, while few use a video see-
through, head-mounted display (HMD). The work pre-
sented in this paper points out advantages of the HMD-
based approach. First, we present an experiment that an-
alyzes human performance in a target acquisition task.
We have compared a half-mirror system with an HMD
system. Our main nding is, that a half-mirror signi -
cantly reduces performance. Second, we present an HMD-
based painting application, which introduces new interac-
tion techniques that could not be implemented with a half-
mirror display. We believe that our ndings could inspire
other researchers, employing a half-mirror, to reconsider
their approach.

Figure 1: View through an MD in our visuo-haptic paint-
ing application.

It is our goal to show that the #b-based approach has
two signi cant advantages. First, novel interaction tech-
1. Introduction niques (see Section 3) can be implemented. Figure 1 shows
a user who paints with a virtual brush on a virtual teacup.
h He can see and feel the brush, as it is superimposed over

and vision do not operate in isolation, but are rather closely & PHANTOM [11]. The user can feel that he is holding a

coupled. This observation has inspired systems that allowCY!indric object in his right hand. Combined with the vi-
users to see and touch virtual objects at the same Iocatior?ual sensation, he experiences a believable illusion of a real
in space (visuo-haptic systems). Most visuo-haptic sys- brush. To achieve this effect, two ingredients are neces-

tems have been implemented using a half-mirror to display SY: fully opague occlusion of real-world objects by com-
computer graphics in the haptic workspace [7, 9, 12]. This Puter graphics, and handmasking. Handmasking [8] refers
approach achieves a better integration of vision and touchto the C_OWECt occlusions between the user's hands and vir-
than a conventional, screen-based display; thus, user interiu@l objects. These effects could hardly be implemented
actions are more natural. Few research projects (for ex-With @ half-mirror display. The second advantage is im-
ample, [2]) use a video see-through, head-mounted displayprov‘_ed user performance, as shown by the experiment in
(HmD) instead of a half-mirror. An obvious advantage of S€ction 2.

the HvD is that the user’s view of the real world and the

computer graphics are not dimmed. While this is de nitely )

increasing the realism of the virtual objects, it is hard to 2. EXperiment

present to the user a consistent scene: real-world, com-

puter graphics, and haptic forces have to be aligned very In our experiment, we have chosen a target acquisition
precisely. task, and completion time as metric. This combination

Human perception is multi-modal: the senses of touc
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