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A Proposal for a Vortex Ring Display

YUuTAKA ToKUDA, ™ KUNIHIRO NISHIMURA,?
YASUHIRO SUZUKI, T TOMOHIRO TANIKAWA {2
and MICHITAKA HIROSE'?

These days, there have been many studies and developments on so-called
mid-air displays that can display quite realistic virtual images in the real world
without imposing any special apparatus on the users. However, most of the
conventional mid-air displays limit their image effects to either the two di-
menstional display surfaces or the spaces inside of the displays. Therefore,
there have been few research and development focused on pop-out image ef-
fects toward the user-side space. Furthermore, more people have paid greater
attentions to research and development on five senses display, which can ap-

peal to not only visual and audio senses but also olfactory and haptic senses
in recent days. Thus, we propose a new type of mid-air display named vortex
ring display, which can not only compensate for the shortcoming of pop-out
image effects but also support five senses appealing multimodal image effects
by taking advantage of the voretex’s superior particle transport ability in or-
der to make particle-based projection screens made of light scattering particles,
olfactory particles, heat particles, stimulus particles, etc. In this paper, we ver-
ify the visibility, continuity, viewing angles, and other basic problems through
our early experiments based on two prototypes that can project only fog-based
projection screen.
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Fig.1 Conceptual image of the proposed system.
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Fig.2 Conceptual image of vortex ring formation.
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Fig.3 Prototype system for preliminary experiment.
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Fig.4 Camera position.
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Fig.5 Visibility under 175 [lux] lighting condition.
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Fig.7 Light intensity distribution of Mie Scattering.
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Fig. 10 Schematic of 2nd prototype of vortex ring display.
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Fig.11 Image of 2nd prototype of vortex ring display.
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Fig.12 Optimal parameter region.
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Fig. 13 turbulent vortex ring (bottom) and laminar one (top).
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Fig.14 View of demonstration.
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Fig. 15 Demonstration of flying fairy.
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