Spatial perception of mid-air ultrasound haptic rendering
Focused ultrasound arrays [1][2] have recently emerged as a technology for providing tactile stimuli at
a distance in human-computer-interaction (HCI) applications. They function by focusing the acoustic
beams from several ultrasound speakers in order to create localized regions of oscillating high air
pressure which elicit vibrotactile sensations when encountering the skin (see Figure 1). A video
presenting the underlying concept of this approach can be seen at https://youtu.be/tBMkBS_Rlgc.

Figure 1: Focused ultrasound mid-air haptic devices (example device shown in (d)) produce vibrotactile sensations at a distance
by focusing the acoustic pressure generated by multiple ultrasound speakers to localized regions in space – so-called focal
points (green in (a)). (c) shows geometric patterns projected onto an oil bath by such a device, when similar projections are
made on the skin, it is possible to feel geometric shapes in mid-air, allowing the tactile rendering of virtual objects (d) [3].

These novel tactile displays are finding applications in 3D gesture interfaces e.g. for automotive
applications [4], tactile displays in arts and entertainments [5][6], and interactions in virtual reality
[7][8]. An example of interaction in VR can be seen at https://youtu.be/YMi4IgL1dVc.
While the technological aspects are continuously being refined, and these devices shows promise in
the previously mentioned use-cases and others, a fundamental understanding of the relationship
between tactile rendering parameters and perception of the displayed patterns is missing.
The aim of this internship is to investigate the relationship between different rendering parameters
for an ultrasound phased array and the resulting perceptual properties of the vibrotactile stimuli
(see Figure 2).
In particular, we wish to investigate:



The relationship between generated pressure distributions and perceived shape and size of
the vibrotactile stimulations.
The relationship between spatiotemporal modulation rendering parameters (spatial and
temporal steps, dwell time at each step) and perceived size, continuity and geometric features
of the stimuli.

Furthermore, we would like to investigate potential variations to the perceived patterns that may be
induced by providing simultaneous vibrotactile stimuli using conventional vibration motors, in a mixed
contact and mid-air haptic rendering scenario.
This internship will be conducted within the scope of the European project H-Reality
(https://team.inria.fr/rainbow/fr/research/research-project/hreality/ and hreality.eu). This research
topic will be pursued in Rennes at IRISA, the largest research center in France in the fields of computer
science and Information Technology, with more than 900 researchers and 41 research teams spread
between Rennes, Lannion, and Vannes. It was founded in 1975 and it is a joint effort of CNRS,
University of Rennes 1, ENS Rennes, INSA Rennes and Inria.

Figure 2: Simulation and measurement data can provide us with good estimations of generated pressure and displacement
patterns for various rendering parameters, however the relationship between these and perceived geometric properties
remains an open question.

The candidate must be passionate about human perception and applied cognitive sciences, and be
highly motivated to design and conduct user studies. Prior experience with haptics, as well as
technical skills (e.g., basic programming in Matlab/Python/C++) would be a plus but are not mandatory.
The candidate will be expected to show initiative, critical thinking and good communication skills.
The internship is intended for a duration of 6 months. Depending on results and student wishes the
option for continuing on to a Ph.D. on a related topic may arise. Applications (CV + cover letter) should
be sent by e-mail to Claudio Pacchierotti (claudio.pacchierotti@irisa.fr) and Maud Marchal
(maud.marchal@irisa.fr).
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