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Abstract
One field of application of mid-air haptic technology includes ultrasonic levitation. Our research vision is to create
a physical interface in mid-air in the form of complex levitating objects, composed of small levitating particles. Users
will be able to interact with the display in a multimodal manner. They could see, hear, feel and manipulate the levitating matter; with all of the user feedback being generated in
mid-air.
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Using small levitating particles as physical 3D pixels is a
promising strategy in creating the tangible, multimodal interface of the future, which allows for direct manipulation and
feedback in mid-air. The levitating particles are kept in the
low-pressure points of the standing waves, created by two
opposing arrays of ultrasonic transducers. The advantage
of such interface is that users can interact with it with their
bare hands (i.e. no additional instruments are required).
In addition, the setup is transparent and visible from many

angles, which makes it suitable for multi-user interaction. A
rich dynamic and multimodal user experience is achieved
by providing tactile, visual and audio feedback.

should be explored. At the same time the levitating
interface should provide a realistic experience for the
user, so the feedback should create a sense of direct
interaction without an actual physical contact.

Creating a Dynamic Mid-Air Interface
Physical Setup
Our acoustic levitator, shown in Figure 1, is comprised of
two 9 × 28 arrays of ultrasonic transducers. The transducers
have a 10 mm diameter and a frequency of 40 kHz, which
is inaudible for humans. The two arrays are exactly aligned,
facing each other, at a vertical distance of 137 mm. We use
polystyrene beads of small diameter (1−2 mm) as levitating
particles, due to their low density.

Figure 1: Two opposed arrays of
ultrasonic transducers floating
multiple particles in mid-air

Vision
The long term vision for this project is a tangible display of
levitating particles of different sizes, where the existence,
form and aesthetic appearance of the levitating matter is
fully controlled by the user. There are many aspects of human interaction with computers, where this advanced interface could find application. For example, it can be incorporated into dashboards of cars, used to create a tangible
video game experience, for digital interactive installations
of artists, to visualize prototypes in engineering or complex
molecules in biology.
Points for Discussion
• One area that requires careful consideration is the
direct interaction of the user with the levitating matter in mid-air. Namely by direct physical manipulation, the acoustic field in which the levitating particle
is trapped, can be disturbed and hence levitation is
disrupted. Since direct physical interaction makes
constant, stable levitation challenging, new ways of
interaction within the capabilities of the physical setup

• The experiments of Martinez et al. [1] demonstrate
that haptic paired with auditory feedback helps increase the sense of agency in touchless interfaces,
in comparison with visual feedback. Our vision of
a multimodal interface, includes auditory feedback,
generated in mid-air. Ideally, to keep the setup minimal and self-contained, the transducers used to levitate the particles, would also provide the auditory
feedback. This is possible due to the ’parametric audio loudspeaker effect’, where the ultrasonic wave is
modulated with the desired audio signal [6]. However
so far this method has not be implemented on a physical setup. Other possibilities include using part of the
transducer array solely for generating audio feedback,
or modulating feedback from external loudspeakers
into the levitation field.
• Thus far only small particles of low density have been
levitated with the equipement, but the vision of tangible display incorporates particles of different sizes
and materials. Marzo et. al [4] have trapped a 16 mm
polystyrene bead inside acoustic vortices, produced
by an open spherical sector (OSS) array. Foresti et.
al [2] have levitated an elongated object (a toothpick) at a height equal to one wavelength using a
discretized planar resonator platform.
• Another point of discussion is the user experience
and acceptance of novelty mid-air displays. While the
technology might be new and exciting to some, others
might be confused about how to interact with it.
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